Association of reduced phytate and raffinose saccharides with agronomic and seed traits of soybean by Meis, Shane Jeremy
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2002
Association of reduced phytate and raffinose
saccharides with agronomic and seed traits of
soybean
Shane Jeremy Meis
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Meis, Shane Jeremy, "Association of reduced phytate and raffinose saccharides with agronomic and seed traits of soybean " (2002).
Retrospective Theses and Dissertations. 534.
https://lib.dr.iastate.edu/rtd/534
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overlaps. 
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600 

Association of reduced phytate and raffinose saccharides with agronomic and seed 
traits of soybean 
by 
Shane Jeremy Meis 
A dissertation submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
Major: Plant Breeding 
Program of Study Committee: 
Walter R. Fehr, Major Professor 
E. Charles Brummer 
Kendall R. Lamkey 
Theodore B. Bailey 
Jack R. Girton 
Steven R. Schnebly 
Iowa State University 
Ames, Iowa 
2002 
Copyright © Shane Jeremy Meis, 2002. All rights reserved. 
UMI Number: 3073469 
UMT 
UMI Microform 3073469 
Copyright 2003 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
ii 
Graduate College 
Iowa State University 
This is to certify that the doctoral dissertation of 
Shane Jeremy Meis 
has met the dissertation requirements of Iowa State University 
Major Professor 
For t Major Program
Signature was redacted for privacy.
Signature was redacted for privacy.
iii 
TABLE OF CONTENTS 
Page 
ABSTRACT v 
CHAPTER 1. GENERAL INTRODUCTION I 
Introduction I 
References 4 
CHAPTER 2. ASSOCIATION OF REDUCED PHYTATE AND RAFFINOSE 7 
SACCHARIDES WITH AGRONOMIC AND SEED TRAITS OF SOYBEAN 
Abstract 7 
Introduction 9 
Materials and Methods 12 
Results and Discussion 16 
Acknowledgements 23 
References 24 
CHAPTER 3. SEED SOURCE EFFECT ON FIELD EMERGENCE OF SOYBEAN 27 
LINES WITH REDUCED PHYTATE AND RAFFINOSE SACCHARIDES 
Abstract 27 
Introduction 29 
Materials and Methods 31 
Results and Discussion 35 
Acknowledgements 44 
References 45 
CHAPTER 4. MOLECULAR MAPPING OF THE mips ALLELE 47 
CONFERRING REDUCED PHYTATE AND RAFFINOSE SACCHARIDES 
Abstract 47 
Introduction 48 
Materials and Methods 51 
Results and Discussion 54 
Acknowledgements 58 
iv 
References 59 
CHAPTER 5. GENERAL CONCLUSIONS 61 
APPENDIX A. ANALYSES OF VARIANCE, CORRELATIONS, AND 62 
MEANS FOR CHAPTER 2 
APPENDIX B. ANALYSES OF VARIANCE AND MEANS FOR CHAPTER 3 113 
ACKNOWLEDGEMENTS 145 
V 
ABSTRACT 
The protein meal of soybean [Glycine max (L.) Mem] lines homozygous for the mips 
allele (mips lines) has reduced phytate phosphorus and raffinose saccharides. Less phytate is 
desirable for reducing the phosphorus content of manure from non-ruminant animals and less 
raffinose saccharides increases the amount of metabolizable energy available to them. An 
objective of this study was to determine the association of the reduced raffinose saccharides 
and phytate phosphorus with agronomic and seed traits. A total of 48 F]^ mips lines with the 
same number of lines with the Mips Mips genotype (Mips lines) were compared in replicated 
field tests at two Iowa locations during 2001. Mean field emergence of mips lines was 46% 
less than the Mips lines. Mean seed yield adjusted for plant density by covariate analysis was 
4% less in the mips lines than the Mips lines. Differences between mips lines and Mips lines 
for maturity, lodging, plant height, protein, and oil were not consistently significant. If 
reduced field emergence can be overcome, it should be possible to develop mips cultivars 
equivalent to Mips cultivars for agronomic and seed traits. 
A second research objective was to determine if field emergence of mips lines is 
influenced by the environment used for seed production. Seed of six mips lines and four Mips 
lines produced in four temperate and 12 subtropical environments during two years was 
evaluated for field emergence percentage. The field emergence of mips lines was 
significantly less than Mips lines for all seed sources. The mips lines had a mean field 
emergence of 63% for temperate sources and 8% for subtropical sources while Mips lines 
had a mean field emergence of 77% for temperate sources and 83% for subtropical sources. 
Seed source should be a consideration when evaluating the field emergence of mips lines in a 
breeding program. 
vi 
A third research objective was to locate the region of the soybean genome containing 
the mips locus. A total of 87 of the 269 (32%) simple sequence repeat (SSR) markers that 
were evaluated were polymorphic between the parents of the F% mapping populations. 
Bulked segregant analysis was conducted on two bulked DNA samples composed of 10 
homozygous mips and 10 homozygous Mips Fi individuals. The mips locus was not located 
because none of the 87 SSRs were polymorphic between the two bulked DNA samples. The 
mips locus was probably not located because none of the SSRs were close enough to the mips 
locus. There were 17 regions on 13 chromosomes where the distance between polymorphic 
markers was at least 40 centimorgans. Mapping alternatives were considered, but not pursued 
due to their time and cost. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Introduction 
A common source of protein in livestock feed is soybean meal. The carbohydrate 
fraction of soybean meal contains appreciable amounts raffinose saccharides, which 
represent a set of D-galactose-containing oligosaccharides of sucrose. The general formula 
for the raffinose saccharides is 0-(3-D-galactopyranosyl-( 1 ->6)„-a-glucopyranosly-( 1 ->2)-()-
D-fructofuranoside, where n = 0 is sucrose, n = 1 is raffinose, n = 2 is stachyose, n = 3 is 
verbascose, and n = 4 is ajugose (Sebastian et al., 2000). Non-ruminant animals cannot 
readily digest raffinose saccharides because they lack in their intestinal mucosa the a-
galactosidase enzyme necessary for cleaving the a-galactosyl linkage. Digestion of the 
raffinose saccharides by microflora in the lower intestine results in the production of 
flatulents (Hawton et al., 1996). The poor digestion of raffinose saccharides significantly 
reduces the amount of metabolizable energy obtained from soybean meal. Soybean meal has 
approximately 6% more total energy than ground yellow com, but 40 to 50% less 
metabolizable energy when fed to chickens because of the poor digestion of raffinose 
saccharides (Coon et al., 1988). Removal of the raffinose saccharides of soybean meal 
through ethanol extraction significantly increases the amount of metabolizable energy of 
soybean meal when fed to chickens (Coon et al., 1988; Leske et al., 1991). 
More than 60% of the total phosphorus in soybean meal is in the form of phytate 
(myo-inositol 1,2,3,4,5,6-hexaphosphate) (Nelson et al., 1968; Erdman, 1979). The presumed 
biological role of phytate phosphorus in plants is that of a phosphate storage compound 
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(Raboy et al., 1984). Phytate phosphorus is unavailable to non-ruminant animals because 
they lack the phytase enzyme necessary for separating phosphorus from phytate salt 
(Pointillart, 1994). Non-ruminant livestock producers add inorganic phosphorus and phytase 
supplements to feed rations in order to meet the phosphorus needs of the livestock. The 
addition of inorganic phosphorus increases feed costs, and undigested phytate phosphorus in 
the livestock excrement contributes to phosphorus pollution in areas with intense non-
ruminant livestock production (Pointillart, 1994). 
A recessive allele, mips, was developed in 1990 by chemical mutagenesis with N-
nitroso-N-methylurea (NMU) that significantly reduces the content of the raffinose 
saccharides, stachyose and raffinose, and the phytate phosphorus in soybean seed (Kerr and 
Sebastian, 2000; Sebastian et al., 2000). For soybean lines with the mips mips genotype (mips 
lines), stachyose is reduced to 5 nmol g"1 of seed dry weight and raffinose is reduced to 10 
|j.mol g"1 compared with 75 |imole g"1 of stachyose and 20 pmole g*1 of raffinose in 
conventional lines (Mips lines) (Sebastian et al., 2000). The reduction in raffinose and 
stachyose increases the sucrose to 244 p.mole g*1 in mips lines compared with 165 pmole g"1 
of sucrose in conventional lines (Hitz et al., 2002). For the mips lines, phytate phosphorus is 
reduced to 56 - 73 |imol g"1 of seed dry weight and inorganic phosphorus is increased to 32 -
76 pmol g"1 compared with 125 -155 |imol g"1 of phytate phosphorus and 1.5 - 2.7 pmol g"1 
inorganic phosphorus in conventional lines (Hitz et al., 2002). 
Increases in metabolizable energy and available phosphorus for poultry have been 
observed when soybean meal from mips lines was included in their diet (Cromwell et al., 
2000a, 2000c; Spencer et al., 2000a). Increases in available phosphorous and decreases in 
phosphorus excretion were reported when soybean meal from mips lines and low phytate 
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corn were fed to swine and poultry (Cromwell et al., 2000b; Spencer et al., 2000b, 2000c). 
To realize the benefits of reduced raffinose saccharides and phytate in soybean, mips 
cultivars must be developed with agronomic and seed traits similar to conventional cultivars. 
Field trials conducted by Pioneer Hi-Bred International, Inc. in 1999 indicated that 
field emergence of mips lines was less for seed produced in Puerto Rico than the midwestem 
United States. The same mips lines had not been grown in both environments, and it was 
impossible to determine whether the differences in field emergence were due to seed source 
or genetic variation among lines. 
The molecular location of the mips locus in the soybean genome is unknown. 
Molecular markers have been used to indirectly select individuals in populations segregating 
for a gene controlling a favorable trait when the marker locus and genetic locus controlling 
the trait are tightly linked (Tanksley et al., 1989). Breeders are able to circumvent costly 
and/or time-consuming phenotypic screens with marker-assisted selection (MAS). 
Michelmore et al. (1991) used bulked segregant analysis to effectively and efficiently 
identify molecular markers linked to disease resistance genes. Diwan and Cregan (1997) 
found simple sequence repeat (SSR) markers to be highly polymorphic in soybean. 
The objectives of this study were to determine the association of the mips allele with 
agronomic and seed traits of soybean, determine if field emergence of mips lines is 
influenced by the environment used for seed production, and determine the region of the 
genome where the mips locus is located using bulked segregant analysis with SSR markers. 
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CHAPTER 2 
ASSOCIATION OF REDUCED PHYTATE AND RAFFINOSE 
SACCHARIDES WITH AGRONOMIC AND SEED TRAITS OF SOYBEAN 
Abstract 
A portion of the total energy in soybean [Glycine max (L.) Merr.] meal is not 
available to non-ruminant animals and humans because their stomachs are not able to break 
down raffinose saccharides. Phytate phosphorus is undigested by non-ruminant animals and 
has contributed to phosphorus pollution in areas of intense non-ruminant livestock 
production. Soybean lines homozygous for the mips allele have significantly reduced 
quantities of raffinose saccharides and phytate phosphorus. The objective of this study was to 
determine the association of the reduced raffinose saccharides and phytate phosphorus with 
agronomic and seed traits. A total of 48 Fs s lines with the mips mips genotype (mips lines) 
from seven single-cross populations were compared with the same number of lines with the 
Mips Mips genotype (Mips lines) in replicated tests at two locations in Iowa during 2001. The 
mips lines had 46% less mean seedling emergence than the Mips lines averaged across the 
seven populations. Mean seed yields unadjusted for plant density averaged 756 kg ha"1 (25%) 
less in the mips lines than the Mips lines. When seed yields were adjusted for plant density by 
covariate analysis, the mean seed yields of the mips lines averaged 103 kg ha'1 (4%) less than 
the Mips lines across the seven populations. The mean differences between the mips lines and 
the Mips lines for maturity, lodging, plant height, protein, and oil were not consistently 
significant across the seven populations. If reductions in seedling emergence associated with 
the mips allele can be overcome, it should be possible to develop cultivars with reduced 
8 
raffinose saccharides and phytate phosphorus that are equivalent to conventional cultivars for 
yield, maturity, lodging, height, protein, and oil. 
9 
Introduction 
Soybean meal is a common source of protein in livestock feeds. An undesirable 
characteristic of soybean meal for non-ruminants is that the carbohydrate fraction contains 
appreciable amounts raffinose saccharides, which represent a set of D-galactose-containing 
oligosaccharides of sucrose. The general formula for the raffinose saccharides is O-p-D-
galactopyranosyl-(l->6)n-a-glucopyranosly-(l->2)-p-D-fructofuranoside, where n = 0 is 
sucrose, n = I is raffinose, n = 2 is stachyose, n = 3 is verbascose, and n = 4 is ajugose 
(Sebastian et al., 2000). Non-ruminant animals are unable to digest raffinose saccharides 
because they lack in their intestinal mucosa the a-galactosidase enzyme necessary for 
cleaving the a-galactosyl linkage. Microflora in the lower intestine are able to metabolize the 
raffinose saccharides, which results in the production of volatile fatty acids, carbon dioxide, 
methane, and hydrogen gas, collectively referred to as flatulents (Hawton et al., 1996). The 
poor digestion of raffinose saccharides significantly reduces the amount of metabolizable 
energy obtained from soybean meal. Soybean meal has approximately 6% more total energy 
than ground yellow corn. Due to the poor digestion of raffinose saccharides, soybean meal 
has 40 to 50% less metabolizable energy than ground yellow corn when fed to chickens 
(Coon et al., 1988). Large increases in metabolizable energy have been reported when 
chickens were fed soybean meal after the oligosaccharides had been removed through 
ethanol extraction (Coon et al., 1988; Leske et al., 1991). 
Another undesirable characteristic of soybean meal is that over 60% of its total 
phosphorus is in the form of phytate (myo-inositol 1,2,3,4,5,6-hexaphosphate) (Nelson et al., 
1968; Erdman, 1979). The presumed biological role of phytate phosphorus in plants is that of 
a phosphate storage compound (Raboy et al., 1984). Phytate phosphorus is unavailable to 
non-ruminant animals because they lack the phytase enzyme necessary for separating 
phosphorus from phytate salt (Pointillart, 1994). Phytate also binds and reduces the 
availability of minerals, including calcium, magnesium, iron, and zinc. To meet the 
phosphorus needs of non-ruminant animals, producers add inorganic phosphorus and phytase 
supplements to their feed rations. The addition of inorganic phosphorus increases feed costs 
(Pointillart, 1994). The undigested phytate phosphorus in the livestock excrement contributes 
to problems with phosphorus pollution in areas with intense non-ruminant livestock 
production (Pointillart, 1994). 
A recessive allele, mips, was developed by chemical mutagenesis that significantly 
reduces the content of the raffinose saccharides, stachyose and raffinose, and the phytate 
phosphorus in soybean seed (Sebastian et al., 2000). For soybean lines with the mips mips 
genotype (mips lines), stachyose is reduced to 5 ^ mol g*1 of seed dry weight and raffinose is 
reduced to 10 famol g"1 compared with 75 jimole g"1 of stachyose and 20 immole g"1 of 
raffinose in conventional Mips lines (Sebastian et al., 2000). The reduction in raffinose and 
stachyose increases the sucrose to 244 pinole g~l in mips lines compared with 165 gmole g"1 
of sucrose in conventional lines (Hitz et al., 2002). For the mips lines, phytate phosphorus is 
reduced to 56 — 73 |imol g"1 of seed dry weight and inorganic phosphorus is increased to 32 -
76 nmol g"1 compared with 125 - 155 pmol g*1 of phytate phosphorus and 1.5 - 2.7 |imol g~l 
inorganic phosphorus in conventional lines (Hitz et al., 2002). 
Increases in metabolizable energy and available phosphorus for poultry have been 
observed when soybean meal from mips lines was included in their diet (Cromwell et al., 
2000a, 2000c; Spencer et al., 2000a). Increases in available phosphorous and decreases in 
phosphorus excretion were reported when soybean meal from mips lines and low phytate 
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corn were fed to swine and poultry (Cromwell et al., 2000b; Spencer et al., 2000b, 2000c). 
To realize the benefits of reduced raffinose saccharides and phytate in soybean, mips 
cultivars must be developed with agronomic and seed traits similar to conventional cultivars. 
The objective of this study was to determine the association of the mips allele with 
agronomic and seed traits of soybean. 
12 
Materials and Methods 
The seven single-cross populations used in this study were formed by Pioneer Hi-
Bred International, Inc. (Pioneer) in 1998 and 1999. The four mips parents and their Maturity 
Groups (MG) were LPR1001 (MG II), LPR1002 (MG H), LPR1003 (MG m), LPR1004 
(MG m). They were the most elite mips lines available at the time the populations were 
formed. The elite cultivars and lines without the mips allele were chosen based on their 
superior yield and other desirable agronomic traits. The five elite parents were CVL1001 
(MG H), CVL1002 (MG H), CVL1003 (MG HI), CVL1004 (MG II), and CVL1005 (MG 
HI). The parentages of the seven populations were Pop. 1 = CVL1002 x LPR1001, Pop. 2 = 
CVL1001 x LPR1001, Pop. 3 = CVL1001 x LPR1002, Pop. 4 = CVL1003 x LPR1003, Pop. 
5 = CVL1004 x LPR1003, Pop. 6 = CVL1005 x LPR1004, and Pop. 7 = CVL1003 x 
LPR1004. 
The crosses for Pop. 1, Pop. 2, and Pop. 3 were made at Johnston, IA, in 1998, and 
the Fi plants were grown at Johnston in 1999. Each Fi plant was harvested individually, and 
a phytate analysis modified from that of Chen et al. (1956) was conducted on 11 individual 
Fz seeds from each F; plant to confirm that it was a hybrid and had the Mips mips genotype. 
The use of 11 seeds was based on a 95% probability of obtaining at least one mips mips seed 
if the F[ plant was heterozygous (Fehr, 1987). For each population, the Fz seed of Ft plants 
that were segregating for the mips allele was combined. A total of 455 Fz seeds of each 
population were planted under natural day length conditions during November 1999 in the 
Pioneer nursery at Puerto Vallarta, Mexico. One F; seed from each plant was harvested and 
bulked with the other seeds of the population. 
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The crosses for Pop. 4 through Pop. 7 were made at Johnston in 1999. The Fi seed 
was planted in Puerto Vallarta during October 1999 under artificial lights to extend the day 
length for increasing seed production. If possible, Fi plants were confirmed as hybrid by 
flower color. Each Fi plant was harvested individually, and the Fz seed of confirmed crosses 
was bulked. Eleven Fz seeds of each Fi plant that could not be confirmed as being hybrid by 
flower color were sent to Johnston, IA, to conduct a phytate analysis to confirm segregation. 
The Fz seed was planted under natural day length conditions in Puerto Vallarta during 
February 2000. One F3 seed from each plant was harvested and bulked with the other seeds 
of the population. 
A total of 296 F3 seeds of each of the seven populations were planted in the Pioneer 
nursery at Johnston during 2000. Each F3 plant was harvested individually. A phytate 
analysis was conducted on 11 individual F* seeds from each plant to identify with 95% 
certainty those that had the Mips Mips and mips mips genotypes (Fehr, 1987). Due to poor 
seedling emergence associated with the mips allele, the number of mips plants ranged from 
four to 13 among the seven populations. For each of the populations, an equal number of 
homozygous mips and homozygous Mips F34 lines were planted for seed increase in 
Semillas, Chile. The harvested F33 seed of each line was used to plant replicated tests in 
2001. 
The Fars lines of the seven populations were grown in separate experiments. The 
experiment for Pop. 1 had six mips and Mips lines, Pop. 2 had six mips and Mips lines, Pop. 3 
had six mips and Mips lines, Pop. 4 had 11 mips and Mips lines, Pop. 5 had eight mips and 
Mips lines, Pop. 6 had seven mips and Mips lines, and Pop. 7 had four mips and Mips lines. 
Each experiment was grown at Creston, Dallas Center, and Atlantic, IA, in a randomized 
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complete-block design with two replications at each location. The soil type at Creston is a 
Macksburg silty clay loam (Fine, smectitic, mesic Aquic Argiudolls), Dallas Center is a 
Canisteo clay loam (Fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls), 
and at Atlantic is a Marshall silt loam (Fine-silty, mixed, superactive, mesic Typic 
Hapludolls). At each location, plots were two rows 3.7 m long with 0.76 m spacing between 
rows. The seeding rate was 26 seeds m"1 of row. 
The Atlantic, LA, location was discarded due to poor seedling emergence as a result of 
soil crusting. Each plot from the remaining two locations was evaluated for plant density, 
seed yield, maturity, lodging, height, protein content, and oil content. Plant densities were 
determined between the V2 and V4 growth stages as described by Fehr and Caviness (1977). 
The total number of plants in each plot was recorded and converted to plants m"2. Maturity 
was measured as days after 31 August when 95% of the pods on the main stem had reached 
their mature color. Lodging and plant height were measured on each plot after the plants had 
matured. Lodging was scored on a scale of 1.0 (all plants erect) to 5.0 (all plants prostrate). 
Plant height was measured as the distance in centimeters from the soil surface to the terminal 
node of the main stem. The entire length of each plot was harvested in bulk with a two-row 
self-propelled combine. Seed moisture and weight were collected with a Seed Spector II 
(Almaco, Nevada, IA). Seed yield was expressed in kg ha"1 on a 13%-moisture basis. Protein 
and oil content were determined from a random sample of « 450 seeds with a Perten 7000 
near-infrared reflectance whole grain analyzer (Perten Instruments AB, Huddinge, Sweden). 
Protein and oil were expressed on a 13%-moisture basis. 
The data from each experiment were analyzed with the GLM procedure of the SAS 
software package (release 8.2) (SAS Institute, 2001). Seed yield was analyzed with and 
15 
without adjustment for plant density. Environments and replications were considered random 
effects, and lines were considered fixed effects. The sums of squares for genotypes were 
partitioned into among mips lines, among Mips lines, and the orthogonal comparison between 
the two groups. F-tests were used to determine the significance of each main effect and 
interaction. The environment x line interaction mean squares were used to evaluate the 
environment and line main effects and the partitioned genotype effects. 
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Results and Discussion 
The mean plant densities for the mips lines were significantly lower than the Mips 
lines in the seven populations (Table 2.1). There was an average of 15% fewer plants for the 
mips lines than the Mips lines in Pop. 1, 62% in Pop. 2, 68% in Pop. 3, 39% in Pop. 4,64% 
in Pop. 5, 24% in Pop. 6, and 49% in Pop. 7. There were significant differences among the 
environments in all populations. A significant environment x line interaction in Pop. 5,6, and 
7 was caused by changes in the magnitude of the differences among lines. Line rankings 
were unchanged across environments in Pop. 5, 6, and 7. 
Significant variation in plant density was present among mips lines and among Mips 
lines (Table 2.1). There were 13 mips lines that were not significantly different from at least 
one of the Mips lines in the population. None of the mips lines had plant densities equal to 
those of the Mips line with the highest plant density, except in Pop. 1. For Pop. 1, a mips line 
had the highest mean plant density and another mips line was not significantly different from 
the highest Mips line. The results indicated that achieving acceptable seedling emergence in 
mips lines would be a major challenge for a cultivar development program. The variation 
among mips lines for plant density suggested that it may be possible to select for the trait in a 
breeding program. 
Soybean plants respond to varying plant densities by modifying the amount of 
branching. Johnson and Harris (1967) found no significant differences in seed yield among 
four soybean cultivars when there were threefold differences in plant density. For this study, 
unadjusted yields and yields adjusted for plant density by covariate analysis were considered. 
The mean unadjusted yields of the mips lines were significantly lower than the mean seed 
yields of the Mips lines in the same populations (Table 2.1). The mips lines yielded 10% less 
Table 2,1, Mean and range of agronomic and seed traits of mips and Mips lines for seven populations averaged across two Iowa 
environments in 2001, 
Population 
Trait Genotypet Mean Range Mean Range Mean Range Mean Range 
Plant 
density 
(pits m"2) 
mips 29,3 16.2-39.2 14.5 2.9-31.6 10.8 7.6- 13.4 
Mips 34,4** 24.3 - 38.7 37.8** 30.4-45.1 33.8** 28.1-41 
27.0 17.2-35.4 
43.9** 36.1-47.4 
Unadjusted 
seed yield 
(kg ha'1) 
mips 2456 2066 - 2698 
Mips 2723** 2570-2941 
2032 605 - 2709 
2967** 2385 - 3467 
1651 1287- 1834 2545 2311-2849 
3020** 2694 - 3279 3194** 2835-3400 
Adjusted 
seed yield! 
(kg ha'1) 
mips 2509 2365-2782 2616 1771-3266 
Mips 2671ns§ 2471-2801 2384ns 2172-2695 
2292 2106-2500 
2378 ns 2133-2632 
2652 2460-2961 
3087** 2702-3345 
Maturity 
(days)! 
mips 
Mips 
33 
26** 
27-38 
20-30 
27 24 - 32 
29** 26 - 32 
27 
25** 
25-29 
23-30 
37 35 - 39 
35** 31-37 
*, ** Difference between the means of mips and Mips lines significant at the 0.05 and 0,01 probability levels, respectively. 
t Six mips and Mips lines in Populations 1,2, and 3,11 in Population 4, 8 in Population 5,7 in Population 6, and 4 in Population 7. 
$ Yields adjusted for plant density by covariate analysis. 
§ ns = difference between the means of the mips and Mips lines not significant at the 0.05 probability level. 
1 Days after 31 August, 
# Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
tt Protein and oil content expressed on a 13%-moisture basis. 
Table 2,1, Continued, 
Population 
Trait Genotype 
1 2 3 4 
Mean Range Mean Range Mean Range Mean Range 
Lodging# mips 1.4 1,0-1.9 1.5 1.4- 1.6 1.3 1.0- 1.5 1.4 1.1 - 1.9 
(score) Mips 1.3ns 1.0-1.5 1.7* 1.3-2.0 1.5** 1.4- 1.8 1.4ns 1.1-1.8 
Height mips 98 85-109 94 83-101 77 69-93 88 84-94 
(cm) Mips 90** 83 - 102 107** 103-112 95** 84-102 93** 86-100 
Proteinft mips 393 381 -403 389 379-417 390 373-403 415 406-427 
(g kg"') Mips 397* 389-423 380** 376-388 382** 374-395 409** 395-428 
Oil mips 229 223 - 233 226 211-232 231 224 - 241 213 205-218 
(8 kg1) Mips 227 ns 212-238 231** 228 - 237 230ns 222-236 216** 207 - 223 
Table 2.1, Continued. 
Populaiiontt 
Trait Genotypes Mean Range Mean Range Mean Range 
Plant 
density 
(pits m"2) 
mips 15,3 9,9-21,8 
Mips 42,9** 37.4-47.1 
32.9 22.8-41.4 
43.2** 36.2-45.9 
21.6 7.9-38.3 
42.4** 40.3-44.5 
Unadjusted 
seed yield mips 2025 1597 -2441 
(kg ha"1) Mips 3024** 2476-3284 
2884 2716-3064 
3244** 2896-3512 
2463 1737-3220 
3179** 3055-3358 
Adjusted 
seed yield! mips 2673 2465 - 2888 
(kg ha1) Mips 2376ns 2085-2847 
3081 2769-3344 
3047 ns 2746-3336 
2521 1872-3185 
3121ns 2995-3288 
Maturity mips 28 22 - 32 
(days/1 Mips 28 ns 19-35 
32 
29** 
28-37 
26-34 
33 30-34 
32** 27 - 34 
Table 2,1, Continued, 
Population!! 
Trait 
5 6 7 
Genotypes Mean Range Mean Range Mean Range 
Lodging# mips 1,2 1.0-1.5 1.2 1.0- 1.4 1.3 1.3-1.5 
(score) Mips 1.3 ns 1.0-1.5 1.2ns 1.0- 1.5 1.3ns 1.1-1.4 
Height mips 80 76-86 91 86-95 87 79-98 
(cm) Mips 90** 84-100 95** 86- 101 94** 91-99 
Protein!! mips 408 401-420 391 380-399 396 381-406 
(g kg') Mips 402** 394 - 416 385** 380-390 392ns 383-403 
Oil mips 216 209 - 220 219 212-227 226 219-238 
(g kg'1) Mips 216ns 204 - 227 229** 227 - 232 228ns 224 - 232 
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on the average than the Mips lines in Pop. 1, 32% in Pop. 2,45% in Pop. 3, 20% in Pop. 4, 
33% in Pop. 5, 11% in Pop. 6, and 23% in Pop. 7. Despite the lower plant densities, there 
were mips lines that had unadjusted seed yields as high as that of at least one Mips line, 
except in Pop. 3 and 5. None of the mips lines in any of the populations had unadjusted seed 
yields equal to that of the high yielding Mips lines. 
When yields were adjusted for plant density, adjusted mean yields of mips lines were 
not significantly different than adjusted mean yields of Mips lines, except for Pop. 4 (Table 
2.1). The mean difference between mips lines and Mips lines was 6% less in Pop. 1, 10% 
more in Pop. 2,4% less in Pop. 3, 14% less in Pop. 4, 13% more in Pop. 5, 1% more in Pop. 
6, and 19% less in Pop. 7. For the seven populations, there were mips lines that yielded as 
much as Mips lines. In all populations except Pop. 4 and 6, there were mips lines that yielded 
as well or better than the highest yielding Mips lines. It seems likely that mips cultivars could 
be developed with yields comparable to conventional cultivars, if reduced seedling 
emergence could be overcome. Further research will have to be conducted to determine 
whether the reduced seedling emergence is due to a reduction in raffinose saccharides, a 
reduction in phytate phosphorus, or an interaction between reduced raffinose saccharides and 
reduced phytate phosphorus. 
The differences in mean maturities between mips and Mips lines were significant in 
all populations, except Pop. 5 (Table 2.1). There was significant variation in maturity among 
the mips lines and among the Mips lines. For every population, except Pop. 1, the maturity 
ranges for the two groups were similar. The differences in mean lodging scores between the 
mips and Mips lines were not significant in Pop. 1,4,5,6, and 7, but were significant in Pop. 
2 and 3 (Table 2.1). The ranges of lodging scores for both groups in each of the seven 
populations were similar. The mean plant heights for the mips lines were significantly shorter 
than the Mips lines in all populations, except Pop. 1 (Table 2.1). 
The mean protein contents of mips and Mips lines was significantly different in all 
populations, except Pop. 7 (Table 2.1). Significant variation in protein content among mips 
and Mips lines was observed in all populations, and the ranges of the two groups had 
significant overlap in all populations. The mean oil contents of the mips and Mips lines were 
not significantly different for Pop. 1,3,5, and 7, but were significant for Pop. 2,4, and 6 
(Table 2.1). Significant variation in oil content among mips and Mips lines was observed in 
all populations, and the ranges of the two groups had significant overlap in all populations. 
The primary barrier to the development of soybean cultivars with the mips allele for 
reduced raffinose saccharides and phytate phosphorus is its association with reduced seedling 
emergence. If lines with acceptable seedling emergence can be identified, it should be 
possible to develop cultivars that are equivalent to conventional cultivars for yield, maturity, 
lodging, height, protein, and oil. 
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CHAPTER 3 
SEED SOURCE EFFECT ON FIELD EMERGENCE OF SOYBEAN LINES 
WITH REDUCED PHYTATE AND RAFFINOSE SACCHARIDES 
Abstract 
Soybean [Glycine max (L.) Mem] lines homozygous for the mips allele (mips lines) 
have reduced phytate phosphorus and raffinose saccharides in the protein meal. Less phytate 
is desirable for reducing the phosphorus content of manure from non-ruminant animals and 
less raffinose saccharides increases the amount of metabolizable energy available to them. 
Field trials indicated that seedling emergence percentage of mips lines was less for seed 
produced in a subtropical environment than a temperate environment. The objective of this 
study was to determine if field emergence of mips lines is influenced by the environment 
used for seed production. Seed of six mips lines and four commercial cultivars (Mips lines) 
produced in four temperate and 12 subtropical environments during two years was evaluated 
for field emergence percentage, seed viability percentage, and germination percentage in 
warm germination, cold vigor and accelerated aging tests. The field emergence percentage of 
mips lines was significantly less than Mips lines for all seed sources. The mips lines had a 
mean field emergence of 63% for temperate sources and 8% for subtropical sources while 
Mips lines had a mean field emergence of 77% for temperate sources and 83% for 
subtropical sources. The mean seed viability percentage for the mips lines based on the 
tetrazolium test of 88% for temperate sources and 70% for subtropical sources accounted for 
only part of the differences in field emergence. Differences in field emergence between the 
mips and Mips lines were not consistently predicted by the warm germination and cold vigor 
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tests for temperate sources. The accelerated aging test effectively differentiated the field 
emergence potential of the mips and Mips lines for all seed sources. Seed source should be a 
consideration when evaluating the field emergence of mips lines in a breeding program. 
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Introduction 
A common source of protein in livestock feed is soybean meal. The carbohydrate 
fraction of soybean meal contains raffinose saccharides. Non-ruminant animals cannot 
readily digest raffinose saccharides because they lack the necessary a-galactosidase enzyme 
in their intestinal mucosa (Sebastian et al., 2000). The poor digestion of raffinose saccharides 
reduces the amount of metabolizable energy obtained from soybean meal. Microflora in the 
lower intestine are able to metabolize the raffinose saccharides, which results in the 
production of flatulents (Hawton et al., 1996). 
More than 60% of the total phosphorus in soybean meal is in the form of phytate 
(myo-inositol 1,2,3,4,5,6-hexaphosphate) (Nelson et al., 1968; Erdman, 1979). Phytate 
phosphorus is unavailable to non-ruminant animals because they lack the phytase enzyme 
(Pointillart, 1994). To meet the phosphorus needs of non-ruminant animals, producers add 
inorganic phosphorus and phytase supplements to their feed rations. The addition of 
inorganic phosphorus increases feed costs and the undigested phytate phosphorus in the 
livestock excrement contributes to phosphorus pollution in areas with intense non-ruminant 
livestock production (Pointillart, 1994). 
A recessive allele, mips, was developed by chemical mutagenesis that significantly 
reduced the content of raffinose saccharides and phytate phosphorus in soybean seed 
(Sebastian et al., 2000). When compared with conventional cultivars, lines with the mips 
mips genotype produce a soybean meal that has nutritional advantages for non-ruminant 
animals (Cromwell et al., 2000; Spencer et al., 2000). 
Field trials conducted by Pioneer Hi-Bred International, Inc. (Pioneer) in 1999 
indicated that field emergence of mips lines was less for seed produced in Puerto Rico than 
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the midwestem United States. The same mips lines had not been grown in both 
environments, and it was impossible to determine whether the differences in field emergence 
were due to seed source or genetic variation among lines. The objective of this study was to 
determine if field emergence of mips lines is influenced by the environment used for seed 
production. 
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Materials and Methods 
Six mips lines and four commercial cultivars (Mips lines) developed by Pioneer were 
grown in 16 environments for seed production. The mips lines and their Maturity Groups 
(MG) were LPR1001 (MG HI), LPR1002 (MG H), LPR1003 (MG ffl), LPR1004 (MG HI), 
LPR1005 (MG HI), and LPR1006 (MG III). The Mips lines and their MGs were '93B45' 
(MG III), '93B65' (MG HI), '93B82' (MG HI), and 'P9306' (MG HI). 
All the seed for the study was produced in Pioneer nurseries. There were 200 seeds of 
each line planted at 26 seeds m"1 in two-row plots spaced 0.76 m apart during May 1999 at 
Bethany, MO, 150 seeds planted at 20 seeds m"1 in two-row plots spaced 0.76 m apart during 
May 2000 at Atlantic, LA, 132 seeds planted at 20 seeds m"1 in rows spaced 0.76 m apart 
during October 1999 and 2000 at Semillas, Chile, and 400 seeds planted at 33 seeds m"1 in 
rows spaced 0.76 m apart under natural day length conditions during October 1999 and 2000 
and January 2000 and 2001 at Waimea, Hawaii; Puerto Vallarta, Mexico; and Salinas, Puerto 
Rico. Each line was harvested separately at maturity. The soil type at Bethany is a Grundy 
silt loam (Fine, smectitic, mesic Aquertic Argiudolls), at Atlantic is a Marshall silt loam 
(Fine-silty, mixed, superactive, mesic Typic Hapludolls), at Hawaii is a Nonopahu clay (Fine, 
mixed, active, isohyperthermic Chromic Haplotorrerts), at Puerto Rico is a San Anton clay 
loam (Fine-loamy, mixed, superactive, isohyperthermic Cumulic Haplustolls). The soils at 
Chile and Mexico have not been classified. 
The 10 lines from each of the eight sources grown during the summer of 1999 
through the spring of 2000 were evaluated for field emergence percentage and for 
germination percentage in warm germination, cold vigor, and accelerated aging tests during 
the summer of 2000. The same tests were conducted during the summer of 2001 for the eight 
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sources grown during the summer of 2000 through the spring of 2001. A tetrazolium test was 
conducted on all sources during the fall of 2001. 
The field emergence tests for both years were at Johnston, Durant, and Atlantic, IA. 
The lines and sources were evaluated in a randomized complete-block design with two 
replications at each location. The soil type at Johnston is a Waukegan loam (Fine-loamy, 
over sandy or sandy skeletal, mixed, superactive, mesic Typic Hapludolls), at Durant is an 
Atterberry silt loam (Fine-siIty, mixed, superactive, mesic Udollic Endoaqualfs), and at 
Atlantic is a Marshall silt loam (Fine-silty, mixed, superactive, mesic Typic Hapludolls). At 
each location, 150 seeds were planted at a seeding rate of 20 seeds m"1 in two-row plots 3.7 
m long with 0.76 m spacing between rows. Field emergence percentage was determined for 
each plot by counting the number of plants present between the V2 and V4 stages and 
dividing by the number of seeds planted (Fehr and Caviness, 1977). 
The warm germination, cold vigor, and accelerated aging tests were conducted as a 
randomized complete-block with four replications of 50 seeds each. A replication was a 
germination cart containing all the lines and sources. A cart was 0.5 m wide x 0.7 m deep x 
1.6 m and consisted of one end made of Plexiglas™ for light penetration, two solid 
aluminum walls, and an aluminum door that was sealed with rubber gaskets to minimize 
moisture escape. The fiberglass trays holding the test samples were 0.4 m x 0.6 m. Each tray 
accommodated eight 50-seed samples. 
For the warm germination and cold vigor tests, the 50 seeds of each line and source of 
a replication were planted on two layers of 22-ply Kimpak™ measuring 0.4 m x 0.6 m that 
had been moistened with 815 ml of tap water (AOS A, 2000a). The seeds were planted in 10 
rows with the seeds spaced 19 mm apart within and 25 mm between rows. The seeds were 
33 
covered with ~13 mm of moist sand, and the tray was placed on a shelf in the germination 
cart. For the warm germination test, each cart was placed in a 25°C germination chamber for 
7 d, after which germination percentages were determined according to the Association of 
Official Seed Analysts (AOS A) guidelines (AOS A, 1992). For the cold vigor test, each 
germination cart was placed in a 10°C germination chamber for 7 d, followed by 7 d in a 
25°C germination chamber (AOSA, 1983). Germination percentages were determined after 
the 14-d period (AOSA, 1992). 
For the accelerated aging test, each 50-seed sample of a line and source was placed in 
a wire basket over 40 ml of distilled water in a sealed box (AOSA, 1983). The boxes were 
placed in a chamber at 41°C for 72 hours. The samples were removed from the chamber and 
planted in the same manner as the warm germination and cold vigor tests. Each cart was 
placed in a 25°C germination chamber for 7 d, after which germination percentages were 
determined (AOSA, 1992). 
A tetrazolium test was conducted to assess seed viability. The 10 lines from each of 
the eight seed sources in a year were evaluated in a randomized complete-block with four 
replications of 50 seeds each. Each replication of each line and source was imbibed for 12 h 
at 25°C by placing the seed between brown paper towels moistened with tap water (AOSA, 
2000b). The seeds were removed from the towels and placed in a 1.0% 2,3,5-triphenyl 
tetrazolium chloride solution for 2 h, after which each seed was classified as viable or dead 
according to AOSA guidelines to determine the viability percentage (AOSA, 2000b). 
The data for all experiments were analyzed as a randomized complete-block design 
with a factorial arrangement of lines and sources. Lines and sources were considered fixed 
effects, and locations for the field emergence tests were considered random effects. Data 
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from each experiment were analyzed with the general linear models (GLM) procedure of the 
SAS software package (release 8.2) (SAS Institute, 2001). The sums of squares for genotype 
were partitioned into among mips lines, among Mips lines, and the orthogonal comparison 
between the two groups. 
Pioneer's analytical biochemistry department used high performance liquid 
chromatography (HPLC) to quantify on a percent dry weight basis, the sucrose, raffinose, 
stachyose, and phytate phosphorus content of mips lines LPR1001 and LPR1005 and Mips 
line 93B82 for all sources in both years. All ten lines were not analyzed due to the high cost 
of the compositional analyses. Phenotypic correlations were conducted on the mean of each 
line from each seed source in both years. Traits that were correlated were percent field 
emergence, percent warm germination, percent cold vigor germination, percent accelerated 
aging vigor germination, percent viable seeds (tetrazolium test), percent seed sucrose, percent 
seed raffinose, percent seed stachyose, and percent phytate phosphorus. The correlation 
(CORR) procedure of the SAS software package was used to perform the analyses (SAS 
Institute, 2001). 
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Results and Discussion 
The field emergence of mips lines was significantly different among seed sources in 
both years (Table 3.1). Seed of the mips lines produced in the temperate environments of 
Chile, Iowa, and Missouri had more than a three-fold greater field emergence than any of the 
subtropical sources. The seed source effect altered the relative performance of the mips and 
Mips lines for field emergence. The mean field emergence for the mips lines was 
significantly less than the Mips lines for all sources in both years (Table 3.1). The difference 
between the mips and Mips lines was less from the temperate sources of Iowa, Missouri, 
Chile than for the subtropical sources of Hawaii, Puerto Rico, and Mexico. The mips lines 
had 12 percentage units less field emergence for the Iowa source, 8 less for Missouri, 14 less 
for Chile 2000, and 24 less for Chile 2001. There were five mips lines that were not 
significantly different than a Mips line for the Iowa source, five for Missouri, three for Chile 
2000, and one for Chile 2001. In contrast, the differences in mean field emergence between 
the mips and Mips lines for the 12 subtropical sources ranged from 58 percentage units for 
Mexico January 2000 to 85 for Mexico October 2001. None of the mips lines were equal to 
any of the Mips lines for the subtropical sources. 
A tetrazolium test was used to compare the viability of seed from the 16 sources 
(AOSA, 2000b). The mean percentage of viable seed for the mips lines was significantly less 
than the Mips lines for all sources, except Chile 2000 and 2001 (Table 3.1). The differences 
between the mips and Mips lines in seed viability averaged across sources were less than the 
differences in field emergence for both years. The contrast between seed viability and 
seedling emergence was greatest for the subtropical sources. The maximum difference 
between the mips and Mips lines in seed viability among the subtropical sources was 35 
Table 3,1. Seedling emergence in a field emergence test, seed viability in a tetrazolium test, and germination in warm germination, cold vigor, and 
accelerated aging tests for six mips and four Mips lines from eight seed sources during 2000 and 2001, 
Method of Evaluation 
Field Emergence Tetrazolium Warm Germination Cold Vigor Accelerated Aging 
Source Line Mean Range Mean Range Mean Range Mean Range Mean Range 
2000 % 
Missouri mips 78 62-87 95 92-100 95 84-99 95 85-100 33 11-68 
Mips 86** 84-88 98* 98-99 99** 98-100 98** 98-100 97** 96-99 
Chile mips 60 48 - 72 91 83 - 96 93 86 - 96 89 86 - 95 35 22 - 51 
Mips 74** 72-76 88nsf 87-90 87** 84-90 88ns 84 - 92 75** 70 - 81 
Hawaii mips 16 6-32 81 50-93 42 26-68 18 10-35 4 1 - 13 
October Mips 87** 84 - 90 95** 93 - 96 97** 96-100 98** 95-100 90** 85 - 95 
Hawaii mips 8 1- 18 76 33-73 39 3-50 10 1 -23 6 1 - 15 
January Mips 84** 76-81 95** 85-91 98** 90-95 96** 93-94 95** 84-90 
Puerto Rico mips 7 1-11 75 56-90 32 21-53 19 6- 16 4 2- 15 
October Mips 83** 80-86 97** 92-98 94** 97-99 93** 94-98 91** 93-98 
Puerto Rico mips 7 2-7 61 22-82 27 8-24 13 2- 19 6 2- 17 
January Mips 78** 77 - 89 88** 91-99 92** 94 - 99 93** 96-100 86** 96 - 99 
Mexico mips 4 1-14 61 45 - 90 14 10 - 50 7 3 - 36 6 0-15 
October Mips 85** 77-89 96** 94-100 97** 91-99 97** 92-94 98** 85-95 
Mexico mips 5 1-11 66 56-78 28 9-43 20 4-42 6 1 - 14 
January Mips 63** 54-73 86** 84-89 80** 75-86 84** 73-90 72** 64-82 
Mean mips 23 18-27 76 54-84 46 35-55 34 29-40 12 7-21 
Mean Mips 80** 80-81 93** 91-94 93** 92-93 93** 93-94 88** 86-90 
*, ** Differences between the means of the mips and Mips lines were significant at the 0.05 and 0.01 probability levels, respectively. 
t ns = Differences between the means of the mips and Mips lines were not significant at the 0.05 probability level. 
Table 3.1, Continued. 
Method of Evaluation 
Source Line 
Field Emergence 
Mean Range 
Tetrazolium 
Mean Range 
Warm Germination 
Mean Range 
Cold Vigor 
Mean Range 
Accelerated Aging 
Mean Range 
2001 % 
Iowa mips 59 38-68 82 65-95 77 61-86 81 70-90 10 3-19 
Mips 71** 65-82 88* 83-93 83* 76-91 85* 79-94 60** 52-78 
Chile mips 54 41-67 84 78-92 86 73-96 86 77-95 17 3-37 
Mips 78** 71-86 81ns 77-88 86 ns 80-92 93** 90-94 69** 61-85 
Hawaii mips 10 2-26 74 58-88 22 6-38 19 5-35 2 0-8 
October Mips 89** 86-90 95** 91 -98 97** 90-100 97** 94-100 92** 90-95 
Hawaii mips 4 1 - 11 64 59-83 7 8-49 6 6-28 3 0-6 
January Mips 87** 72-85 91** 89-98 98** 85-95 97** 87-97 89** 69-92 
Puerto Rico mips 6 1-10 58 58-73 9 2-26 8 1-17 3 0- 14 
October Mips 79** 86-89 83** 73-100 90** 96-100 90** 96-99 70** 82-94 
Puerto Rico mips 6 3-11 74 28-83 30 3-9 13 2-13 2 0-12 
January Mips 79** 90-92 93** 86- 100 91** 97-99 91** 97-100 81** 74-97 
Mexico mips 6 2-16 67 46-66 8 3-22 7 2-19 3 0-7 
October Mips 91** 72-83 94** 76-90 98** 87-92 98** 87-95 85** 62-80 
Mexico mips 18 2-39 83 72-91 35 5-80 38 7-76 4 0-12 
January Mips 86** 85-87 95** 92-97 97** 95-99 95** 92-99 84** 76-88 
Mean mips 20 15-27 73 65-79 34 27-45 32 26-42 5 2-14 
Mean Mips 82** 81-84 90** 86-93 92** 90-94 93** 91-95 79** 76-82 
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percentage units for Mexico October 2000 compared with a difference of 81 percentage units 
in field emergence for the same source. 
The tetrazolium test indicated that reduced seed viability of the mips lines accounted 
for only part of the reduction in field emergence. The test was not considered effective for 
predicting the poor field emergence of mips lines from the subtropical sources. Three 
germination tests were evaluated for their effectiveness in predicting field emergence of mips 
lines. The warm germination and cold vigor tests did not consistently predict the differences 
in field emergence between the mips and Mips lines for the four temperate sources (Table 1). 
No significant difference between the mips and Mips lines was observed in the warm 
germination test for Chile 2001 or in the cold vigor test for Chile 2000 (Table 3.1). The two 
methods were effective in predicting the differences in field emergence between the mips and 
Mips lines for all the subtropical sources. The maximum difference between the two groups 
of lines in both the warm germination and cold vigor tests was 91 percentage units for 
Hawaii January 2001, which had a difference of 83 percentage units in the field emergence 
test. Although the warm germination and cold vigor tests differentiated mips and Mips lines, 
they overestimated the field emergence percentages that would be achieved from all sources. 
This overestimation would be a consideration if the tests were used to determine the seeding 
rate necessary to achieve a desired plant density. 
The accelerated aging test was the most effective at differentiating the field 
emergence of the mips and Mips lines regardless of the seed source (Table 3.1). The 
differences between the groups based on accelerated aging were similar to differences in 
field emergence for subtropical sources. For the temperate sources, accelerated aging 
produced greater differences between the two groups than observed for field emergence. The 
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ability of the accelerated aging test to identify the emergence potential of mips lines 
regardless of the seed source would be useful in a breeding program. Lines from one source 
that performed well in the accelerated aging test would be expected to perform well when the 
seed was produced in other environments. If mips lines were developed that germinated as 
well as Mips lines in the accelerated aging test, they would be expected to emerge as well as 
Mips lines in field tests. The accelerated aging test may be useful for evaluating the potential 
field emergence problems of soybean lines with other unique agronomic and seed traits 
developed by mutagenesis and genetic engineering in the future. 
Additional research will be needed to understand the reason for the seed source effect 
on field emergence of mips lines. In preliminary tests, phenotypic correlations between field 
emergence and sucrose and raffinose content were significant and positive in both years 
when only mips lines were considered (Tables 3.2 and 3.3). Perhaps sucrose and raffinose 
play an influential role in the seed source effect. In other preliminary tests, the phosphorus 
contents of the soils from the 16 sources were evaluated and no consistent differences were 
observed that could explain the major reduction in field emergence for the subtropical 
sources. A major difference between the temperate and subtropical environments is the day 
length during the growing season. The day length of less than 12 hours in the subtropical 
environments shortens the time from planting to harvest by more than a month compared 
with plantings in temperate environments. The compressed reproductive period in the 
subtropical environments may alter seed components in a way that is detrimental to field 
emergence. 
Table 3.2, Phenotypic correlation coefficients among mips, Mips, and all lines for genotype x source means of the field and 
laboratory trials and the carbohydrate and phosphorus profiles in 2000. 
Warm Cold AA 
Trait Line t germination germination $ germination § Tetrazolium f Sucrose Raffinose Stachyose Phytate # 
% 
Field mips 0.94** 0.96** 0.84** 0,68** 0.66** 0.66 ** 0.19 0.23 
emergence Mips 0,97** 0.82* 0.86** 0,72* 0.41 -0.72* 0.46 -0,41 
(%) A 0,96** 0.97** 0.88** 0,76** -0.44* 0.74** 0.76** 0,71 
Warm mips 0.94** 0.79** 0.81 ** 0.66** 0.63** 0.34 0.26 
germination Mips 0,88** 0.94** 0.69 0.37 -0.59 0.59 -0.31 
(%) A 0,97** 0.81** 0.85** -0.33 0.69** 0.67** 0.64 
Cold mips 0.88** 0.66** 0.71** 0.68** 0.20 0.26 
germination Mips 0.89** 0.60 -0.02 -0.56 0.40 -0.11 
(%) A 0.84** 0.75** -0.35 0.72** 0,69** 0.67 
AA mips 0.41 0.63** 0.57* -0.02 0.10 
germination Mips 0.64 0.25 -0.40 0.61 -0.03 
(%) A 0,57** -0.72** 0.86** 0.95** 0.90 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
t mips = mips lines, Mips = Mips lines, A = all lines. 
$ Percent germination from the cold vigor trial. 
§ Percent germination from the accelerated aging vigor trial. 
1 Percent viable seeds from the tetrazolium trial. 
# Percent phytate phosphorus content on a dry weight basis. 
Table 3.2. Continued 
Warm Cold AA 
Trait Line f germination germination | germination § Tetrazolium*8 Sucrose Raffinose Stachyose Phytate# 
mips 0.49 0.53* 0.66** 0.25 
Tetrazolium Mips 0.45 -0.44 0.35 -0.61 
(%) A -0.21 0.53** 0.51* 0.47* 
mips 0.27 0.15 -0.30 
Sucrose Mips -0.25 0.23 -0,51 
(%) A -0.75** -0.86** -0.86 ^  «ft 
mips 0.51 * 0,61 * 
Raffinose Mips 0.19 0.36 
(%) A 0.90** 0.91** 
Stachyose 
(%) 
mips 
Mips 
A 
0,55* 
-0.23 
0.95** 
Table 3.3. Phenotypic correlation coefficients among mips. Mips, and all lines for genotype x source means of the field and 
laboratory trials and the carbohydrate and phosphorus profiles in 2001. 
Warm Cold AA 
Trait Linef germination germination $ germination § Tetrazoliuml Sucrose Raffinose Stachyose Phytate# 
Field mips 0.92** 0.96** 0.72** 0.62* 0,68** 0.57* 0.00 0.29 
emergence Mips 0.95** 0,80* 0.92** 0.44 -0.64 -0.41 0.01 0.15 
(%) A 0,94** 0,97** 0.89** 0.65** -0,52** 0.74** 0.82** 0.81** 
Warm mips 0.97** 0.72** 0.64** 0,67** 0.49 -0.06 0.16 
germination Mips 0.74* 0.87** 0.33 -0.71 -0.56 0.13 0.32 
(%) A 0.98** 0.78** 0.68** -0.34 0.64** 0.68** 0.68** 
Cold mips 0.73** 0.67** 0.67** 0.48 -0.08 0.14 
germination Mips 0.65 -0.09 -0.43 0.05 0.25 0.30 
(%) A 0.79** 0.69** -0,37 0.68** 0.71** 0.70** 
AA mips 0.46 0.84** 0.42 0.07 0.15 
germination Mips 0.57 -0.38 -0.38 0,13 -0.06 
(%) A 0.50* -0.74** 0.79** 0,96** 0.92** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
f mips = mips lines, Mips = Mips lines, A = all lines. 
$ Percent germination from the cold vigor trial. 
§ Percent germination from the accelerated aging vigor trial. 
1 Percent viable seeds from the tetrazolium trial. 
# Percent phytate phosphorus content on a dry weight basis. 
Table 3.3. Continued 
Warm Cold AA 
Trait Line t gennination germination $ germination § Tetrazolium*} Sucrose Raffinose Stachyose Phytate# 
mips 0.62* 0.42 0.13 0.17 
Tetrazolium Mips -0.24 -0.52 -0,39 -0,55 
(%) A -0.08 0.35 0.40 0.36 
mips 0.54* 0.22 0.18 
Sucrose Mips 0.73* 0.42 -0.50 
(%) A -0.57** -0.81** -0.81** 
mips 
Raffinose Mips 
(%) A 
0.70** 
0.23 
0.85** 
0.77** 
-0.16 
0,79** 
Stachyose 
(%) 
mips 
Mips 
A 
0.64** 
-0.06 
0.95** 
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CHAPTER 4 
MOLECULAR MAPPING OF THE mips ALLELE CONFERRING 
REDUCED PHYTATE AND RAFFINOSE SACCHARIDES 
Abstract 
The protein meal of soybean [Glycine max (L.) Mem] lines homozygous for the mips 
allele (mips lines) has reduced phytate phosphorus and raffinose saccharides. Undigested 
phytate phosphorus contributes to phosphorus pollution in areas of intense non-ruminant 
livestock. Raffinose saccharides decrease the amount of metabolizable energy available to 
non-ruminant animals. The objective of this study was to locate the region of the genome that 
contains the mips locus. An F, mapping population was created by crossing a mips line with 
a conventional line. The parents were polymorphic for 87 of the 269 (32%) simple sequence 
repeat (SSR) markers that were evaluated. Polymorphic SSRs were used to conduct bulked 
segregant analysis on two bulked DNA samples composed of 10 homozygous mips and 10 
homozygous Mips F% individuals. The location of the mips locus was not identified because 
none of the SSR markers were polymorphic between the two bulked DNA samples. It is 
likely that none of the 87 SSRs were close enough to the mips locus because there were 17 
regions on 13 of the 20 linkage groups of soybean where the distance between polymorphic 
markers was at least 40 centimorgans. Alternative mapping strategies were not evaluated due 
to their time and cost. The best way to determine the location of the mips locus may be to 
create a new mapping population from more distantly related parents. 
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Introduction 
Soybean [Glycine max (L.) Mem] meal is a common protein source in livestock 
feeds. An undesirable characteristic of soybean meal for non-ruminants is that an appreciable 
amount of the carbohydrate fraction is in the form of raffinose saccharides, which represent a 
set of D-galactose-containing oligosaccharides of sucrose (Sebastian et al., 2000). Non-
ruminants are unable to digest raffinose saccharides because they lack in their intestinal 
mucosa the a-galactosidase enzyme necessary for cleaving the a-galactosyl linkage. Soybean 
meal has 6% more total energy than ground yellow corn, but the poor digestion of raffinose 
saccharides results in 40 to 50% less metabolizable energy when fed to non-ruminants (Coon 
et al, 1988). Digestion of the raffinose saccharides by microflora in the lower intestine results 
in the production of flatulents (Hawton et al., 1996). 
Another undesirable characteristic of soybean meal for non-ruminants is that phytate 
phosphorus (myo-inositol 1,2,3,4,5,6-hexaphosphate) comprises over 60% of the total 
phosphorus (Nelson et al., 1968; Erdman, 1979). Phytate phosphorus is unavailable to non-
ruminant animals because they lack the phytase enzyme necessary for separating phosphorus 
from phytate salt (Pointillart, 1994). The availability of minerals including calcium, 
magnesium, iron, and zinc is reduced because of the bond they form with phytate. Producers 
add inorganic phosphorus and phytase supplements to feed rations to meet the phosphorus 
needs of their non-ruminant animals. Feed costs are increased by the addition of inorganic 
phosphorus (Pointillart, 1994). The undigested phytate phosphorus in the excrement 
contributes phosphorus pollution in areas with intense non-ruminant livestock production 
(Pointillart, 1994). Significant reductions in the content of the raffinose saccharides, 
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stachyose and raffinose, and the phytate phosphorus in soybean seed are conferred by a 
recessive allele, mips, that was developed by chemical mutagenesis (Sebastian et al., 2000). 
Molecular markers have been used to indirectly select individuals in populations 
segregating for a gene controlling a favorable trait when the marker locus and genetic locus 
controlling the trait are tightly linked (Tanksley et al., 1989). Breeders are able to circumvent 
costly and/or time-consuming phenotypic screens with marker-assisted selection (MAS). 
Michelmore et al. (1991) used bulked segregant analysis to effectively and efficiently 
identify molecular markers linked to disease resistance genes. With bulked segregant 
analysis, the F% individuals from a population segregating for a single gene trait are 
genotyped for the trait of interest. Two DNA bulks comprised of DNA from F% individuals 
with the two contrasting homozygous genotypes are formed. The number of F% individuals 
used to form each DNA bulk depends on the probability for a false inference of linkage that 
is acceptable. Polymorphism between the two DNA bulks for a molecular marker infers 
linkage between the gene of interest and the molecular marker. 
Diwan and Cregan (1997) found simple sequence repeat (SSR) markers to be highly 
polymorphic in soybean. SSR markers are single-locus markers composed of a one to six 
base pair (bp) DNA sequences that are repeated a variable number of times. The sequences 
flanking an SSR locus are conserved. Polymerase chain reaction (PGR) uses primers 
complimentary to the flanking sequences to amplify the SSR markers. Amplified fragments 
are separated electrophoretically. Loci with variations in SSR-repeat length produce 
polymorphic fragments that represent different alleles. The monogenic-codominant 
inheritance of SSR alleles facilitates the classification of homozygous and heterozygous 
individuals in a segregating population. The objective of this study was to determine the 
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region of the soybean genome where the mips locus is located using bulked segregant 
analysis with SSR markers. 
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Materials and Methods 
Population development 
An F% mapping population was initiated by Pioneer Hi-Bred International, Inc. 
(Pioneer) during 2000 in Johnston, IA. The parentage of the mapping population was 
LRP1001 x CVR1001. The mips line and its Maturity Group (MG) were LRP1001 (MG HI). 
The conventional cultivar CVR1001 (MG HI) was resistant to Roundup® herbicide. The F[ 
seed was planted in the Pioneer nursery at Semillas, Chile during October 2000 at 3.3 seeds 
m"1 in rows 0.91 m apart. Each Fi planted was sprayed with Roundup®. Those that survived 
were confirmed as hybrid and had the Mips mips genotype. The F% seed of the Fi plants that 
survived was bulked. 
The Ft seed was planted in the Johnston nursery during 2001 at 3.3 seeds m'1 in rows 
0.76 m apart. A total of 20 seeds of each parent was planted at the same spacing. 
Approximately seven unrolled leaves were collected from each F% and parent plant. The leaf 
tissue was kept on ice until it was frozen in liquid nitrogen and dried in a vacuum for ~ 3 d. 
The dried leaf tissue was stored at -80°C until DNA extraction. The F% plants were harvested 
individually and a phytate analysis modified from that of Chen et al. (1956) was conducted 
on 11 individual F3 seeds from each plant to identify with 95% certainty those plants that had 
the Mips Mips, Mips mips, and mips mips genotypes (Fehr, 1987). The population was 
composed of 57 mips mips, 145 Mips mips, and 75 Mips Mips F? plants. 
Laboratory procedures 
DNA extraction was performed on plant tissue of each F% and parent plant by the 
Iowa State University DNA Sequencing and Synthesis facility. Dried leaf tissue was ground 
using a Model 2000 Geno/Grinder (SPEX CertiPrep, Metuchen, NJ). Automated DNA 
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extraction was performed using an Autogenprep 740 system (Autogen, Framingham, MA). 
DNA of each F% and parent plant was quantified using a VersaFluor™ fluorometer (BIO-
RAD, Hercules, CA). 
A bulked sample of DNA for each parent was formed by combining equal quantities 
of DNA from 10 plants of each parent. Each bulked sample of parent DNA was diluted to a 
final concentration of 40 ng pi"'. A total of 269 SSR markers developed by Cregan et al. 
(1999) were screened for polymorphism between the two parents. The 269 SSR markers 
were distributed across the 20 linkage groups of soybean. The 87 polymorphic markers were 
used for bulked segregant analysis. 
Bulks of DNA from homozygous Mips and mips individuals were formed by 
combining equal quantities of DNA from 10 Fa plants of each genotype. Each bulk of DNA 
was diluted to a final concentration of 100 ng pi"'. 
All reagents used for PGR were obtained from Applied Biosystems (ABI, Foster City, 
CA). Each of the 10 pi reaction volumes used for screening the parents for polymorphism 
contained 1.0 fal of 40 ng pi"1 genomic DNA, 0.8 pi of 25 mM magnesium chloride, 0.8 pi of 
10 mM dNTPs, 0.2 fil (1.0 unit) of AmpliTaq™ Gold DNA polymerase, 1.0 pi of 
GeneAmp® 10X PGR Buffer II, 1.0 pi of 5 pM forward/reverse primer, and 5.7 pi of sterile 
water. PGR reactions used for the bulked segregant analysis were the same, except 1.0 pi of 
100 ng pi"1 genomic DNA was used instead of 1.0 pi of 40 ng pi"1 genomic DNA. 
PGR runs were conducted on a PTC-100™ thermocycler (MJ Research, Waltham, 
MA). The PGR protocol was 95°C for 10 min followed by 35 cycles of 95°C for 25 sec, 58°C 
for 25 sec, and 72°C for 25 sec, followed by a final extension at 72°C for 60 min. The final 
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extension was used to correct for nontemplate addition by Taq polymerase of a nucleotide, 
primarily adenosine, to the 3' end of amplification products by conversion to plus A alleles 
(Smith et al., 1995). 
SSR markers were multiplexed based on allele size range and dye color following 
PGR. A 1.5 pi aliquot of the pooled sample was mixed with 2.4 pi formamide, 0.5 pi blue 
dextran/EDTA loading dye, and 0.6 pi internal size standard GS-350 (ABI). The size 
standard was composed of DNA fragments labeled with the fluorescent dye TAMRA ranging 
in size from 35 to 300 bp. Samples were heated to 95°C for 2 min, and a 1.3 pi volume was 
loaded in one lane of a 4.25% polyacrylamide gel mounted on an ABI model 377 automated 
DNA sequencer in the Iowa State University DNA Sequencing and Synthesis facility. 
Electrophoresis was performed at 3000 V for 2 hr. Data were collected with DNA 
Sequencing Collector software version 2.7 (ABI) and analyzed with GeneScan® Analysis 
Software v3.1.2 (ABI). SSR allele sizes were estimated with GENOTYPER® software 
version 2.5 (ABI). 
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Results and Discussion 
A total of 87 of the 269 (32%) SSR markers were polymorphic (Table 4.1). Bulked 
segregant analysis was conducted on each of the 87 SSR markers. None of the SSR markers 
was found to be polymorphic between the two bulks. The absence of polymorphism between 
the two groups for all the SSR markers inferred that the 87 SSR markers were not close 
enough to the mips locus. There were regions of the genome where no polymorphic markers 
were detected. There were 17 regions across 13 linkage groups where the distance between 
polymorphic markers was at least 40 centimorgans. Only two or three polymorphic markers 
were identified for seven of the 20 linkage groups. The insufficient coverage of the genome 
with polymorphic markers suggested that the two parents used to form the mapping 
population were too closely related. 
Alternative strategies for locating the mips locus were not pursued due to time and 
cost. One alternative would be to use fewer Fz individuals in each of the bulks. When fewer 
individuals are used to form the bulks, there is a reduced probability of including an 
individual for which recombination occurred between the locus of interest and a linked 
marker. The disadvantage of using fewer individuals is the increased probability of an 
unlinked locus being classified as linked. 
A second alternative would be the use of restriction fragment length polymorphism 
(RFLP) markers. Bulked segregant analysis has been conducted with RFLP markers. An 
advantage of RFLPs is that it is often possible to detect linkage between the locus of interest 
and the RFLP marker even when recombination has occurred between the locus and an RFLP 
marker in one or two of the Fz individuals used to form the bulk. Linkage can be detected 
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because the marker band that was present in eight to nine of the bulked individuals produces 
a noticeably brighter band when resolved on a gel than the fragment present in one to two of 
Table 4.1. SSR markers that were polymorphic between LRP1001 and CVR1001. 
Linkage 
group SSR Locus 
A1 Satt276, Satt599 
A2 Sattl87, Satt207, Satt329, Satt429, Satt455 
B1 Sattl97, Satt251, Satt332, Satt426 
B2 Satt020, Satt063, Satt070, Sattl26, Satt534 
CI Sattlôl, Sattl64, Salt 190, Sattl94, Satt565, Sct_186 
C2 Sat_130, Satt307, Satt363 
Dla Sattl84, Satt368, Satt402, Satt507 
Dlb Satt271, Satt274, Satt506, Satt579 
D2 Satt002, Satt082, Sattl54, Satt389 
E Sat_124, Satt045, Sattl85, Satt231, Satt369, Satt573, Satt598 
F Sat_074, Satt030, Sattl46, Sattl49, SattlôO, Sattl71, Sattl76, Satt269, Satt510, Satt554 
G Satt012, Satt309, Satt394, Satt501 
H SattlSl, Satt302, Satt314, Satt353, Satt434, Satt541 
I Sat_105, Sattl48, Satt239, Satt292, Satt367 
J Satt249, Satt285, Satt431, Satt596, Sct_001 
K Satt539, Satt559 
L Sat_099, Sattl66 
M Sat_121, Sattl75, Satt590 
N Sattl25, Satt237, Satt339 
O Satt347, Satt420, Satt576 
the bulk individuals where recombination occurred between the marker and locus of interest 
(Michelmore et al., 1991). SSR markers are often advantageous over RFLP markers because 
they utilize PGR, require less DNA, have a shorter reaction time, are more polymorphic, and 
are specific to a single locus. A disadvantage of PCR-based markers like SSRs is that with 
bulked segregant analysis, it is often impossible to use band intensity to infer linkage because 
unless customization are made PGR produces nearly the same number of copies of a 
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particular allele from a bulk consisting of one individual with the allele as from a bulk 
consisting of 10 individuals with the allele. 
A third alternative would be to use random amplified polymorphic DNA (RAPD) or 
amplified fragment length polymorphism (AFLP) markers to increase marker density. The 
advantages of RAPDs and AFLPs is that they utilize PGR and are more polymorphic than 
RFLPs (Lin et al., 1996). The disadvantages of RAPDS are that their results are very 
sensitive to PGR conditions and reproducibility among laboratories is problematic. The 
disadvantage of AFLPs is that it is difficult to translate them between soybean maps that 
were created using different mapping populations (Matthews et al., 2001). If bulked 
segregant analysis found the locus of interest and an AFLP marker to be linked, linkage 
between the AFLP marker and an SSR or RFLP marker would have to be identified to anchor 
the identified region to the consensus map of soybean. 
A fourth alternative would be to not utilize bulked segregant analysis. The primary 
advantage of bulked segregant analysis is that resources are used very efficiently because 
markers linked to the locus of interest are identified by genotyping two bulks instead of the 
entire mapping population. The advantage of genotyping the entire mapping population is 
that weak linkages between the locus of interest and a molecular marker can be identified 
when marker density is less than ideal. The disadvantage of genotyping the entire mapping 
population is that it requires more resources than bulked segregant analysis. 
The best way to identify the location of the mips locus may be to create a new 
mapping population from more distantly related parents. A population created by crossing a 
mips line with a Glycine soja accession would be better suited for molecular mapping 
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because of the high degree of polymorphism found among Glycine max x Glycine soja 
crosses (Shoemaker and Specht, 1995). 
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CHAPTER 5 
GENERAL CONCLUSIONS 
The mips allele had a strong negative association with field emergence. If the 
reduction in field emergence can be overcome, it should be possible to develop mips lines 
that are equivalent to conventional cultivars for seed yield, maturity, lodging, plant height, 
protein, and oil. The negative association of mips lines with field emergence was amplified 
when seed was produced in a subtropical environment. In a breeding program, seed source 
should be taken into consideration when evaluating the field emergence of mips lines. The 
accelerated aging test may provide an effective means for identifying the field emergence 
potential of mips lines in a breeding program regardless of seed source. The region of the 
genome containing the mips locus was probably not identified because of insufficient 
molecular marker coverage. Additional research will be needed to determine whether the 
reduction in field emergence associated with the mips allele is due to reduced phytate 
phosphorus, reduced raffinose saccharides, or the interaction of reduced phytate phosphorus 
and raffinose saccharides. The potential nutritional and environmental benefits of soybean 
lines with the mips allele that confers reduced phytate phosphorus and raffinose saccharides 
will not be realized until reductions in field emergence are overcome. 
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APPENDIX A 
ANALYSES OF VARIANCE, CORRELATIONS, 
AND MEANS FOR CHAPTER 2 
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The additive model for all traits, except adjusted yield, for the combined analysis 
across environments was: 
Yijk = M-+ Ei + R(E)jj + G* + (GE)ik +e;jk, 
where 
Yjjk = observed value of the kth line in the j"1 replication in the ith environment, 
jj. = overall mean, 
Ei = effect of the ith environment (i = 1 to 2), 
R(E)ij = effect of the jth replication within the 1th environment (j = 1 to 2), 
Gk = effect of the kth line (j = 1 to 11 or 8 or 7 or 6 or 4; depends on population), 
(GE)ik = effect of the interaction between the environment with the klh line, and 
e,jk = the error effect of the klh line on the jth replication in the ith environment. 
The environment x line interaction mean square was used to evaluate the environment 
and line main effects and the partitioned genotype effects (Table Al). 
Table Al. Analysis of variance and expected mean squares for combined environments for 
all traits, except adjusted yield. 
Sources of variation Degrees of freedom Expected mean squares 
Environments (E) e-1 cr2e + go2R/E + rgo2E 
Replications [R(E)] e(r-l) <T~e + ga~R/E 
Lines (L) 1-1 m3 CT2c + ro2LE + re0L 
mips lines (mips) mips lines -I M3I CT e mipsE "t" Vf&mips 
Mips lines (Mips) Mips lines -1 m32 CT e MipsE f^^Mips 
mips vs. Mips 1 m33 
E x L (e-1) (1-1) m2 2 2 Oe + 0 le 
E x mips (e-1) (mips lines -1) M2I 2 2 O e +• CT mipsE 
E x Mips (e-1) (Mips lines -1) M22 2 , 2 O e + CT MipsE 
E x (mips vs. Mips) (e-1) My 
Pooled error e(r-l)(g-l) Ml CT2e 
Total erl -1 
Table A2, Analysis of variance for seven soybean traits of 12 soybean lines combined across two Iowa environments for Population 1. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 463.83 ** 1460216 * 70.08 * 0.083 406.59 438.02 660.08 
Replications [R(E)] 2 0.10 38618 3.08 * 0.042 53.90 32.02 51.08 
Lines (L) 11 192.29 ** 208234 116.04 ** 0.254 ** 307.47 ** 162.11 ** 473.17 ** 
mips lines (mips) 5 248.78 ** 203703 80.54 ** 0.385 ** 337.26 ** 49.37 326.80 ** 
Mips lines (Mips) 5 110.99 ** 83212 57.14** 0.135 195,91 ** 302.74 ** 674.17** 
mips vs. Mips 1 316,37 ** 856002 ** 588.00 ** 0.188 716.26** 22.69 200.08 * 
E x L  11 8.66 79103 * 6.13 ** 0.049 26.82 22,48 39.63 
E x mips 5 8.12 88048* 5.07 ** 0.035 13.39 22.67 33.90 
E x Mips 5 5.93 26141 5.14 ** 0.069 31.40 23.28 25.27 
E x (mips vs. Mips) 1 24.98 299189 ** 16.33 ** 0.021 71.10 17.52 140.08 * 
Error 22 10.50 27199 0.72 0.030 36.60 11.88 18.22 
CV (%) 9.2 10.9 8.4 16.6 5.5 1.6 2.1 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A3. Analysis of variance for seven soybean traits of 12 soybean lines combined across two Iowa environments for Population 2. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 165.69 * 1524109 117.19** 0.422 184.01 487.69 357.52 
Replications [R(E)] 2 7.78 29730 
* 
0.85 0.151 ** 22.72 53.77 27.60 
Lines (L) 11 816,68 ** 2354276 * 
* 
30.10** 0,221 275.70 ** 157.07 ** 495,57 ** 
mips lines (mips) 5 370.25 ** 2579355 * 
* 
27.27 ** 0.025 140.27 * 254.30 ** 822.24 ** 
Mips lines (Mips) 5 127,24 ** 500341 * 
* 
29.74 ** 0.335 * 46.24 43.54 ** 78.97 
mips vs. Mips 1 6496,05 ** 10498555 * 46.02 ** 0,630 * 2100,13 ** 238.52 ** 945.19** 
E x L  11 10.02 * 45089 3.91 * 0.081 * 36.79 8.01 30.11 
E x mips 5 6.92 72240 2.97 0.100* 28.01 9.80 55,24 
E x Mips 5 9.84 26540 4.14* 0.069 33.33 7.48 9.17 
E x (mips vs. Mips) 1 26.49 * 2078 7.52* 0.047 97.98 1.69 9.19 
Error 22 4.11 44741 1.35 0.026 23.30 17.41 25.47 
CV (%) 12.1 8.5 7.1 17.6 6.0 1.4 1.2 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A4. Analysis of variance for seven soybean traits of 12 soybean lines combined across two Iowa environments for Population 3. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 3350.02 ** 999768 123.52 * 0.422 7.52 5.33 385.33 * 
Replications [R(E)] 2 1.02 90098 3.60 0.130* 1.85 39,21 21.21 
Lines (L) 11 8468.93 ** 2222423 ** 23.88 ** 0.176 ** 85.57 ** 164.67 ** 445.22 ** 
mips lines (mips) 5 257.30 189468 7.74 0.125 * 41.47 ** 235.47 ** 548.14 ** 
Mips lines (Mips) 5 1017.34 * 199959 36.37 ** 0.085 24.94 ** 124.80 ** 284.08 ** 
mips vs. Mips 1 86785.02 ** 22499516** 42.19 ** 0.880 ** 609.19 ** 10.08 736.33 ** 
E x L 11 209.84 * 161112* 2.61 0.036 4.29 21.38 25.56 
E x mips 5 65.90 124431 0.67 0.042 7.10 34.67 34.88 
E x Mips 5 230.74 * 139690 5.07 * 0.035 2.14 8.10 12.54 
E x (mips vs. Mips) 1 825.02 ** 451632 * 0.02 0.005 1.02 21.33 44.08 
Error 22 76.34 63566 1.88 0.028 4.04 18.16 37.16 
CV (%) 17.6 17.2 5.5 13.6 6.1 1.3 2.0 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A5. Analysis of variance for seven soybean traits of 22 soybean lines combined across two Iowa environments for Population 4. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 663.96 ** 302622 111.38* 3.094 53.45 190.06 1517.50* 
Replications [R(E)] 2 2.09 69001 3.60 ** 0.389 * 15.03 18.50 29.85 
Lines (L) 21 375.31 ** 583581 ** 11,96 ** 0.181 ** 98.06 ** 90.04 ** 242.05 ** 
mips lines (mips) 10 110.63 ** 184930 ** 5.80 ** 0.223 ** 52.35 ** 51.16* 120.50 ** 
Mips lines (Mips) 10 49.68 ** 115718* 12.92 ** 0.151 ** 98.09 ** 121.77 ** 315.47 ** 
mips vs. Mips 1 6278.35 ** 9248713 ** 63.92 ** 0.071 554.91 ** 132.67 ** 706.76 ** 
E x L 21 14.75 35292 1.28* 0.034 13.05 16,16 34.10 
E x mips 10 9.69 37350 0.82 0.014 18.86 7.30 27.53 
E x Mips 10 5.51 29585 0.77 0.051 8.48 26.39 42.28 
E x (mips vs. Mips) 1 157.85 ** 71792 10.92 ** 0.071 0.66 2.16 12,36 
Error 42 f 9.38 31106 0.70 0.098 11.50 19.24 35.30 
CV (%) 10.8 6.5 3.2 13.4 4.0 1.4 1.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively, 
t 39 degrees of freedom for protein and oil due to missing plot data. 
Table A6. Analysis of variance for seven soybean traits of 16 soybean lines combined across two Iowa environments for Population 5. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 283.04 ** 52189 7.56 0.391 29.13 11.39 763,14 
Replications [R(E)] 2 0.16 13991 
* 
1.56 0.102 56.96 94.89 * 132.64 * 
Lines (L) 15 867.18 ** 1359453 * 69.23 ** 0.138 ** 186.93 * 118.12** 190.83 ** 
mips lines (mips) 7 72,40 ** 347300 40.10** 0.107 * 62.10 52.96 * 131,14* 
Mips lines (Mips) 7 48.57 * 286438 
* 
107.92 ** 0.179 ** 106.19* 199.64 ** 192.91 * 
mips vs. Mips 1 12160,85 ** 245763 * 2,25 0.047 1625,90 ** 3.52 594.14** 
E xL 15 15,23 187921 * 2.46 0.032 31.50 18.62 48.07 
E x mips 7 21.10 171341 1.82 . 0.018 28.57 7.00 24.67 
E x Mips 7 7.58 49328 
* 
3.32* 0.049 37.76 24.05 57.34 
E x (mips vs. Mips) 1 27.73 8512* 1.00 0.016 8.17 62.02 147.02 
Error 30 10.57 88071 1.30 0.060 21.47 19.49 38.67 
CV(%) 13.4 17.2 5.7 14.0 6.6 1.7 2.0 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A7, Analysis of variance for seven soybean traits of 14 soybean lines combined across two Iowa environments for Population 6. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 870.66 ** 21923 0.29 1.143 737.33 375.45 2052.16* 
Replications [R(E)] 2 3.39 32871 2.86 0.089 * 68.66 * 42.45 * 30.09 
Lines (L) 13 210.67 *# 257160 ** 55.91 ** 0.100 80.75 ** 165.70 ** 198.87 ** 
mips lines (mips) 6 162.61 ** 78618 45.42 ** 0.057 38.56 120,25 ** 290.37 ** 
Mips lines (Mips) 6 47.32 * 176665 * 63.54 ** 0.161 102.53 ** 10,40 63.37 
mips vs. Mips 1 1479.19** 1811377 ** 73.14 ** 0.130 203.23 ** 1370.16 ** 462.88 ** 
E x L  13 11.41 45318 1,05 0.056 * 19.21 15.52 34.35 
E x mips 6 17.69 42471 1.92 0.039 17.05 24,37 58.89 
E x Mips 6 6.43 53620 0.32 0.071 * 20.81 9.12 15.39 
E x (mips vs. Mips) 1 3.65 12588 0.29 0.071 22.58 0.87 0.87 
Error 26 7.71 47443 1.24 0.022 16.55 12.02 27.86 
CV (%) 8.9 6.9 3.4 19.5 4.7 1,5 1.8 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
Table A8. Analysis of variance for seven soybean traits of eight soybean lines combined across two Iowa environments for Population 7. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Oil Protein 
Environments (E) 1 287.70 * 28836 * 5.28 0.195 51.61 136.13 371.28 * 
Replications [R(E)] 2 13.56 * 1304 1.16* 0.039 6,45 20.81 19.16 
Lines (L) 7 770.29 ** 1266721 ** 29.14 ** 0.070 192.17 ** 139.07 * 388.46 * 
mips lines (mips) 3 628.97 ** 1522294 ** 17.75 ** 0.057 245,70 ** 260.73 ** 546.17* 
Mips lines (Mips) 3 11.83 66306 47.90 ** 0.083 47.85 51.73 316.23 
mips vs. Mips 1 3469.65 ** 4101248 ** 7.03 ** 0.070 464.52 ** 36.13 132.03 
E x L  7 13,39 ** 59549 0.21 0.052 19.35 24.34 86.78 * 
E x mips 3 6.25 78930 0.17 0.057 32.80 26.90 133.42 ** 
E x Mips 3 0.60 46909 0.23 0.063 11.29 19.23 35.23 
E x (mips vs. Mips) 1 73.24 ** 39326 0.28 0.008 3.23 32.00 101.53 
Error 14 2.82 35287 0.23 0.057 15.67 15.60 22.37 
CV (%) 29.1 8.7 11,4 35.3 4.9 1.3 0.1 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
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The additive model for adjusted yield for the combined analysis across environments 
was: 
Yijk = JJ.+ E; 4- R(E)jj + Gk + (GE)ik + P(Xyk - x... ) -t-eyk, 
where 
Yjjk = observed value of the kth line in the j"1 replication in the im environment, 
fj. = overall mean, 
Ei = effect of the ith environment (i = 1 to 2), 
R(E)ij = effect of the jth replication within the im environment (j = 1 to 2), 
Gk = effect of the klh line (j = 1 to 11 or 8 or 7 or 6 or 4; depends on population), 
(GE)ik = effect of the interaction between the i"1 environment with the kth line, 
p = regression coefficient, 
Xyk = plant density of the kth line in the j* replication in the ilh environment, 
x... = plant density mean for all lines in an experiment, and 
e,jk = the error effect of the kth line on the jth replication in the ith environment. 
The environment x line interaction mean square was used to evaluate the environment 
and line main effects and the partitioned genotype effects (Table A9). 
72 
Table A9. Analysis of covariance and expected mean squares for adjusted yield across 
three environments. 
Sources of variation Degrees of freedom Expected mean squares 
Environments (E) e-1 CT"e + gCT2R/E + rgCT2E 
Replications [R(E>] e(r-l) a2e + ga~R/E 
Lines (L) 1-1 m4 a2e + rar2LE + re0L 
mips lines (mips) mips lines -1 M41 G e "^"G'mipsE ^e0mips 
Mips lines (Mips) Mips lines -1 M42 +G~xtipsE + reGw/p-v 
mips vs. Mips 1 M43 
E x L  (e-l) (1-1) m3 a2e + a2 LE 
E x mips (e-1) (mips lines -1) M31 _2 .2 O e + CT mipsE 
E x Mips (e-l) (Mips lines - 1) M32 _2 , 2 <7 e + MipsE 
E x (mips vs. Mips) (e-1) M33 
Plant density 1 m2 ct2c+ ra2pn 
Pooled error [e(r-l)(l-L)l-l a2e 
Total erl -1 
Table AlO, Analysis of covariance for adjusted yield combined across two Iowa environments. 
Mean squares 
Sources of 
variation Df Population 1 Df Population 2 Df Population 3 Df Population 4 Df Population 5 Df Population 6 Df Population 7 
Environments (E) 1 195447 1 122424 1 5351 1 285614 1 548791 * 1 180992 1 677 
Replications [R(E)j 2 41020 2 79420 2 86637 2 63197 2 10839 2 | 39918 2 1907 
Lines (L) 11 104555 11 601698 ** 11 99995 21 213288 ** 15 186209 3 133128 * 7 85276 
mips lines (mips) 5 87446 5 979969 ** 5 64113 10 151083 ** 7 97058 6 75029 3 90039 
Mips lines (Mips) 5 74399 5 154125 * 5 117160 10 118193 ** 7 268931 6 180231 * 3 50710 
mips vs. Mips 1 132562 1 8882 1 1676 1 245763 ** 1 35912 1 
1 
1989 1 32312 
E x L  11 85269 ** 11 46049 11 104205 21 26845 15 115008 
I 
3 44195 7 58608 
E x mips 5 95516 ** 5 44738 5 81544 10 32167 7 80191 6 30709 3 78266 
E x Mips 5 12821 5 41545 5 130573 * 10 24612 7 59013 6 65825 3 47316 
E x (mips vs. Mips) 1 380636 ** 1 71417 1 38093 
* 
1 8512 1 714099 ** 1 1491 
* 
1 7922 
Plant density 1 97098 1 227872 * 1 382713 * 1 62917 1 700295 ** 1 
o 
294726 * 1 
I 
1233 
Error 21 23871 21 36021 21 48368 41 30330 29 66960 5 37552 
1 
3 37907 
CV (%) 11.3 8.6 13.8 5.7 13.4 6.6 8.6 
*, ** Significant at the 0,05 and 0,01 probability levels, respectively. 
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The additive model for all traits, except adjusted yield, for an individual environment 
was: 
where 
Yjj = observed value of the jth line in the Ith replication, 
p. = overall mean, 
Ri = effects of the ith replication (i = 1 to 2), 
Gj = effect of the jth line (j = 1 to 11 or 8 or 7 or 6 or 4; depends on population), and 
eij = error effect of the jth line in the ith replication. 
Table All. Analysis of variance and expected mean squares for an individual environment 
for all traits, except adjusted yield. 
Sources of variation Degrees of freedom Expected mean squares 
Replications (R) r-1 tr2e + gcrR 
Yij = |A + Ri + Gj + eij, 
Lines (L) 
mips lines (mips) 
Mips lines (Mips) 
mips vs. Mips 
mips lines -1 
Mips lines -1 
I 
1-1 M2 
m2, 
M22 
M23 
Mi Error (r-l)d-l) 
rl-1 Total 
Table A12. Analysis of variance for Population 1 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.01 28456 6.00* 0.042 0.27 48.17 24.00 
Lines 11 101.80** 97876 71.23** 0.102 134.58* 287.98** 72.21* 
mips lines (mips) 5 126.26** 142378* 53.53** 0.133 174.19 212.35* 6.35 
Mips lines (Mips) 5 45.78 58644 23.13** 0.083 88.28 420.68** 152.48* 
mips vs. Mips 1 259.58** 71526 400.17** 0.042 168.01 2.67 0.17 
Error 11 10.43 35263 1.18 0.042 40.74 25.44 20,09 
CV (%) 11.2 7.8 3.8 14.8 7.0 1.3 1.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A13. Analysis of variance for Population 1 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.20 48780 0.17 0.042 107.53 54.00* 40.04** 
Lines 11 99.15** 189462** 50.94** 0.201 ** 199.71** 224.82** 112.38** 
mips lines (mips) 5 130.63* 149373* 32.08** 0.288** 176.45* 148.35** 65,68** 
Mips lines (Mips) 5 71.14** 50709 39.15** 0.121* 139.03 278.75** 173.53** 
mips vs. Mips 1 81.77* 1083665** 204.17** 0.167* 619.35** 337.50** 40.04** 
Error 11 10.57 19135 0.26 0.019 32.45 11.00 3.68 
CV (%) 9.3 5.0 1.7 10.7 5.9 0.8 0.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table AM. Analysis of variance for Population 2 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 13.67 26195 0,67 0.042 6.72 35.04 104.17* 
Lines 11 356.61 ** 1208148** 15.45** 0.110** 114.05** 372.38** 105.03** 
mips lines (mips) 5 144.59** 1318916** 18.48** 0.088 99.03 638.75** 174.75* 
Mips lines (Mips) 5 70.68* 259407* 13.88* 0.121* 22.80 66.40 28.28 
mips vs. Mips 1 2846.43** 5398008** 8.17* 0.167* 645.43** 570.37** 140.17* 
Error 11 4.84 69632 1.03 0.019 21.38 39.04 20.71 
CV (%) 9.1 11,4 3.8 8.1 4.7 1.6 2.0 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
Table A15. Analysis of variance for Population 2 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 1.90 33264 1.04 0.260* 38.71 20.17 3.38 
Lines 11 470.09** 1191217** 18.56** 0.192** 198.44** 153.30** 60.04* 
mips lines (mips) 5 232.58** 1332679** 11.75 0.038 69.25* 238.73** 89.35 
Mips lines (Mips) 5 66.39** 267474** 20.00** 0.283* 56.77 21.73 22.73 
mips vs. Mips 1 3676.12** 5102625** 45.37** 0.510** 1552.69** 384.00** 100.04* 
Error 11 3.39 19851 1.68 0.033 25.22 11.89 14.10 
CV (%) 6.6 5.3 4.4 12.0 4.9 0.9 1.7 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A16. Analysis of variance for Population 3 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.00 151734 0.17 0.094 17.20 30.37 15.04 
Lines 11 373.73** 1445143** 7,55** 0.124** 271.55** 295.04** 83.68* 
mips lines (mips) 5 6.67* 198794* 4.08 0.083 147.63 355.33* 117.13 
Mips lines (Mips) 5 52.02* 47863 8.48* 0.088 88.28 179.68 66.75 
mips vs. Mips 1 3817.55** 14663285** 20.17** 0.510** 1807.52** 570.38** 1.04 
Error 11 5.84 32447 1.71 0.026 26.00 49.92 22.22 
CV (%) 12.1 8.2 5.0 10.8 6.0 1.8 2.0 
*, ** Significant at the 0,05 and 0,01 probability levels, respectively. 
Table A17. Analysis of variance for Population 3 at Dallas Center. IA, in 2001. 
Mean squares 
Sources of Plant Unadjusted 
variation Df density seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.15 28463 6.00 0.167* 6.72 12.04 63.38 
Lines 11 260.14** 938392** 16.44** 0.087* 308.19** 175.74** 102.38** 
mips lines (mips) 5 16.95 115104 3.48 0.083 165.70* 227.68* 153.00* 
Mips lines (Mips) 5 39.15** 291786 27.88** 0.033 86.45 116.93* 66.15* 
mips vs. Mips 1 2581.09** 8287863** 24.00** 0.375** 2129.30** 210,04* 30.38 
Error 11 5.31 94684 1.73 0.030 26.08 24.41 14.10 
CV(%) 9.4 12.4 5.0 13.5 5.9 1.3 1.6 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A18. Analysis of variance for Population 4 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 3.97 82764 2.75 0.091 5.28 11.61 15.16 
Lines 21 250,36** 371803** 9.07** 0.097 53.37** 102.66* 43.66* 
mips lines (mips) 10 77.24** 132954* 3.75 0.102 30.50 70.24 42.41 
Mips lines (Mips) 10 27.16** 100322 8,91** 0.102 55.72* 121,26 42.74 
mips vs. Mips 1 4213.62** 5475103** 63,84** 0.000 258.65** 249.88* 47.41 
Error 211 7.23 45583 0.99 0.103 11.73 38.49 18,99 
CV (%) 8.2 7.3 2.7 20.4 3,8 1.5 2.0 
*, ** Significant at the 0,05 and 0.01 probability levels, respectively, 
f 18 degrees of freedom for protein and oil due to missing plot data. 
Table A19. Analysis of variance for Population 4 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.20 55238 4,45** 0.688* 24.78 48.09 21.84 
Lines 21 139.70** 247070** 4,17** 0.118 57.74** 186.60** 63.64** 
mips lines (mips) 10 43.07 89326* 2.88** 0.134 40.70 81.24* 15.75 
Mips lines (Mips) 10 28.03* 44981* 4.78** 0.100 50.85** 262.18** 108.88** 
mips vs. Mips 1 2222.59** 3845401** 11.00** 0.142 296.92** 484.45** 90.20* 
Error 21 11.53 16628 0,41 0.092 11.26 32.57 19.46 
CV (%) 8,9 4.6 1.8 25.5 3.7 1.4 2.1 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A20. Analysis of variance for Population 5 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.00 10911 2.00 0.195 97.58* 0.78 4.50 
Lines 15 472.26** 1058771** 33.53** 0.083 88.12** 77.11 61.39** 
mips lines (mips) 7 32.39 280523 17.29** 0,063 14.69 85.13 41.13 
Mips lines (Mips) 7 26.02 113454 54.54** 0.105 40.96 69.39 87.85** 
mips vs. Mips 1 6675.03** 13123717** 0.12 0.070 932.26** 75.03 18.00 
Error 15 14,86 143332 1.80 0.045 21.02 33.71 10,03 
CV (%) 14.3 14.8 4.8 15.7 5.3 1.4 1.5 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
Table A21. Analysis of variance for Population 5 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.33 17071 1,13 0.008 16.33 264.50* 185.28* 
Lines 15 410.15** 488603** 38,17** 0.087 130,31** 161.79** 75.35* 
mips lines (mips) 7 61.12* 238118* 24.63** 0.063 75.98 70.68 18.82 
Mips lines (Mips) 7 30.13** 222311* 56.71** 0,123 103.00* 180.86 135.85 
mips vs. Mips 1 5513.55** 4106047** 3.12 0,008 701.81** 666.13** 47.53 
Error 15 6.27 32810 0.79 0.074 21.92 43.63 28.95 
CV (%) 8.0 7.3 3.3 22.7 5.5 1.6 2.5 
*, ** Significant at the 0,05 and 0,01 probability levels, respectively. 
Table A22. Analysis of variance for Population 6 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 2.18 49948 0,57 0.143* 45.16 41.29 69.14 
Lines 13 141.91** 122607* 32,44** 0.110** 55.30 74.80 82.05** 
mips lines (mips) 6 138.37** 49578 30.50** 0.077* 27.65 102.62 51.81* 
Mips lines (Mips) 6 33.29** 38906 32.90** 0.155* 62.06 17.45 5.95 
mips vs. Mips 1 814.86** 1062985** 41.29** 0,036 180.64* 252.00* 720.14** 
Error 13 3.97 37050 1.65 0,027 23.33 43.98 10.07 
CV (%) 5.8 6.3 4.2 12.2 5.4 1.7 1.4 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively, 
00 
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Table A23. Analysis of variance for Population 6 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of Plant Unadjusted 
variation Df density seed yield Maturity Lodging Height Protein Oil 
Replications 1 4.61 15794 5.14* 0.036 92.17** 18.89 15.75 
Lines 13 80.18** 179871* 24.53** 0.047* 44.66** 158.42** 99.17** 
mips lines (mips) 6 41.93 71511 16.83** 0.018 27.96 246.64** 92.81* 
Mips lines (Mips) 6 20.45* 191379** 30.95** 0.077* 61.29* 61.31 13.57 
mips vs. Mips 1 667.97** 760981** 32.14** 0.036 45.16 211.75** 650.89** 
Error 13 11.44 57836 0.84 0.016 9.78 11.74 13.98 
CV (%) 8.1 7.8 3.0 12.0 3.2 0.9 1,7 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A24. Analysis of variance for Population 7 at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 0.02 1367 0.06 0.063 6.45 18.06 27.56 
Lines 7 449.13** 845418** 16,06** 0.036 88.25* 299,28** 117.28** 
mips lines (mips) 3 282.18** 1040852** 8.79** 0.031 125.81 538.79* 217.50* 
Mips lines (Mips) 3 7.27 107825 27.00** 0.031 15.05 82.00* 33.46 
mips vs. Mips 1 2275.53** 2471891** 5.06** 0.063 195.16** 232.56** 68.06* 
Error 7 2.97 24980 0.21 0.063 13.82 13.63 7.13 
CV (%) 5.9 5.7 1.4 18.2 4.2 0.9 1.2 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
Table A25, Analysis of variance for Population 7 at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df 
Plant 
density 
Unadjusted 
seed yield Maturity Lodging Height Protein Oil 
Replications 1 27.09* 1241 2.25* 0.016 6.45 20.25 14.06 
Lines 7 334.56** 480852** 13.29** 0.087 123.27** 175.96* 46.13 
mips lines (mips) 3 353.04** 560371 9.13** 0.083 152.69* 140,79 70.12 
Mips lines (Mips) 3 5.15 5390 21,13** 0.115 44.09 269.46* 37.50 
mips vs. Mips 1 1267.36** 1668683** 2.25* 0.016 272.58** 1.00 0.06 
Error 7 2.66 45595 0.25 0.051 17.51 31.11 24.06 
CV (%) 4.7 7.5 1.6 18.6 4.6 1.4 2.2 
*, ** Significant at the 0.05 and 0,01 probability levels, respectively. 
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The additive model for adjusted yield for an individual environment was: 
Yij = |u. + Rj + Gj + P(Xjj - x..) + Cjj, 
where 
Yjj = observed value of the jlh line in the i"1 replication, 
p. = overall mean, 
Ri = effects of the ith replication (i = 1 to 2), 
Gj = effect of the jlh line (j = 1 to 11 or 8 or 7 or 6 or 4; depends on population), 
P = regression coefficient, 
Xjj = plant density of the jth line in the ith replication, 
x . = plant density mean for all lines in an experiment, and 
eij = error effect of the jth line in the ith replication. 
Table A26. Analysis of covariance and expected mean squares for adjusted yield at an 
individual environment. 
Sources of variation Degrees of freedom Expected mean squares 
Replications (R) r-1 a2c + ga2R 
Lines (L) 1-1 M3 a2e + rô2L 
mips lines (mips) mips lines -1 M31 cTe + rô2mipj. 
Mips lines (Mips) Mips lines -1 m32 a2e + rô2^ 
mips vs. Mips 1 m33 
Plant density 1 M2 a2e + rô2P|t 
Error [(r-l)(l-l)] -1 Mi a 
Total rl-1 
2 
e 
Table A27. Analysis of covariance for adjusted yield at Creston, IA, in 2001. 
Mean squares 
Sources of 
variation Df Population 1 Df Population 2 Df Population 3 Df Population 4 Df Population 5 Df Population 6 Df Population 7 
Replications 1 29882 1 122768 1 151665 * 1 59402 1 10930 1 
1 
49973 1 1149 
Lines 11 56851 11 334289 ** 11 89000* 21 111210* 15 107059 3 42524 7 120601 * 
mips lines (mips) 5 55737 5 533257 ** 5 115944 * 10 73139 7 108709 6 23226 3 50108 
Mips lines (Mips) 5 67490 5 98097 5 15829 10 106636 * 7 100018 6 31547 3 94886 
mips vs. Mips 1 38795 1 18714 1 22604 1 35573 1 5136 1 52627 1 2336 
Plant density 1 171650 * 1 207765 1 119211 * 1 63634 1 540063 * 1 
1 
529 1 10353 
Error 10 21624 10 55819 10 23771 20 44681 14 114994 2 40094 6 27417 
CV (%) 6,1 10.2 7.0 7.2 13.3 6.6 5.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A28, Analysis of covariance for adjusted yield at Dallas Center, IA, in 2001. 
Mean squares 
Sources of 
variation Df Population 1 Df Population 2 Df Population 3 Df Population 4 Df Population 5 Df Population 6 Df Population 7 
Replications 1 49202 1 49172 1 20038 1 56823 1 11354 ** 1 
1 
3 
6 
285 
* 
1 438 
Lines 
mips lines (mips) 
11 
5 
144285 ** 
125163 ** 
11 
5 
309769 ** 
478299 ** 
11 
5 
115260 
30170 
21 
10 
127185 ** 
89961 ** 
15 
7 
149299 
62127 ** 
138247 * 
90232 
* 
7 
3 
34625 
79452 
Mips lines (Mips) 
mips vs. Mips 
5 
1 
37036 
608114 ** 
5 
1 
109517 ** 
795 
5 
1 
218221 
10023 
10 
1 
44418 * 
250549 ** 
7 
1 
218505 
19339 
6 
1 
217922 * 
34349 
* 
3 
1 
6037 
44731 
Plant density 1 764 1 39649 1 285557 1 14446 1 163920 * 1 
1 
2 
380166 * 1 3182 
Error 10 20973 10 17871 10 75597 20 16737 14 23445 30975 6 52664 
CV (%) 5.2 5.0 11.1 4.6 6.1 5.7 8.0 
*, ** Significant at the 0,05 and 0.01 probability levels, respectively. 
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Table A29. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 1. 
Trait Linesf 
Unadj. Adj. 
seed seed 
yield yieldt Mat. Ldg. Ht. Oil Protein 
kg ha'1 kg ha"1 days score cm g kg"' g kg"' 
Plant mips 0.76 0.06 0.71 -0.36 0.52 -0.67 0.25 
density Mips 0.38 -0.37 0.23 -0.37 0.22 -0.34 0.34 
(pit m"2) A 0.71** 0.12 0.10 -0.42 0.17 -0.40 0.32 
Unadj. mips 0.70 0.10 -0.67 0.05 -0.64 0.55 
seed yield Mips 0.72 0.45 0.32 0.50 -0.71 0.68 
(kg ha'1) A 0.79** -0.29 -0.46 -0.14 -0.51 0.56 
Adj. mips -0.63 -0.63 -0.49 -0.24 0.56 
seed yield Mips 0.28 0.60 0.34 -0.46 0.43 
(kg ha'1) A -0.49 -0.28 -0.34 -0.36 0.50 
Maturity mips 0.23 0.74 -0.39 -0.12 
(days) Mips 0.31 -0.05 -0.88 * 0.69 
A 0.35 0.59* -0.39 0.09 
Lodging mips 0.55 0.33 -0.76 
(score) Mips 0.66 -0.43 0.28 
A 0.62* -0.06 -0.29 
Height mips -0.16 -0.63 
(cm) Mips -0.23 0.12 
A -0.10 -0.29 
Oil mips -0.51 
(g kg"') Mips -0.93 ** 
A -0.81** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
f mips = mips lines, Mips = Mips lines, A = all lines. 
t Yields adjusted for plant density based on covariate analysis. 
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Table A30. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 2. 
Trait Linest 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat. Ldg. Ht. Oil Protein 
kg ha"1 kg ha'1 days score cm g kg'1 g kg"1 
Plant mips 0.79 0.29 -0.94** -0.15 0.88* 0.72 -0.71 
density Mips 0.83* 0.06 0.86* 0.91** 0.55 0.71 -0.20 
(pit m'2) A 0.86** -0.14 0.20 0.62* 0.94** 0.67* -0.65* 
Unadj. mips 0.82* -0.90 ** -0.05 0.90* 0.91** -0.89* 
seed yield Mips 0.60 0.72 0.54 0.39 0.73 -0.53 
(kg ha'1) A 0.38 -0.02 0.45 0.87** 0.87** -0.85** 
Adj. mips -0.53 0.06 0.57 0.74 -0.71 
seed yield Mips 0.07 -0.35 -0.10 0.30 -0.67 
(kg ha'1) A -0.40 -0.24 -0.02 0.48 -0.48 
Maturity mips 0.12 -0.97 ** -0.92** 0.91** 
(days) Mips 0.79 0.74 0.78 -0.50 
A 0.65* 0.15 -0.18 0.26 
Lodging mips -0.20 -0.16 0.09 
(score) Mips 0.59 0.56 0.05 
A 0.54 0.32 -0.18 
Height mips 0.93 ** -0.93 ** 
(cm) Mips 0.88* -0.59 
A 0.78 ** -0.78 ** 
Oil mips -0.99 ** 
(g kg'1) Mips -0.71 
A -0.96** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
t mips = mips lines. Mips = Mips lines, A = all lines. 
% Yields adjusted for plant density based on covariate analysis. 
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Table A31. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 3. 
Trait Lines* 
Unadj. Adj. 
seed seed 
yield yield* Mat. Ldg. Ht. Oil Protein 
kg ha'1 kg ha"1 days score cm g kg'1 g kg'1 
Plant mips 0.84* 0.47 0.68 -0.15 0.63 0.12 -0.24 
density Mips 0.67 -0.48 -0.35 0.72 0.74 0.18 -0.64 
(pit m"2) A 0.98** 0.21 -0.45 0.72** 0.87 ** -0.04 -0.48 
Unadj. mips 0.87* 0.52 -0.04 0.57 0.45 -0.63 
seed yield Mips 0.33 -0.60 0.73 0.68 0.25 -0.74 
(kg ha'1) A 0.41 -0.47 0.71** 0.88** 0.03 -0.55 
Adj. mips 0.23 0.07 0.37 0.62 -0.80 
seed yield Mips -0.27 -0.06 -0.14 0.06 -0.07 
(kg ha'1) A -0.24 0.19 0.28 0.29 -0.47 
Maturity mips -0.30 0.33 -0.20 -0.06 
(days) Mips -0.85 * -0.36 -0.44 0.83* 
A -0.68 * -0.39 -0.24 0.52 
Lodging mips 0.66 0.59 -0.29 
(score) Mips 0.71 0.43 -0.81* 
A 0.84** 0.34 -0.59* 
Height mips 0.57 -0.44 
(cm) Mips 0.66 -0.67 
A 0.30 -0.60* 
Oil mips -0.92** 
(g kg'1) Mips -0.66 
A -0.73 ** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
t mips = mips lines. Mips = Mips lines, A = all lines. 
$ Yields adjusted for plant density based on covariate analysis. 
88 
Table A32. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 4. 
Unadj. Adj. 
seed seed 
Trait Linesf yield yield* Mat. Ldg. Ht. Oil Protein 
kg ha'1 kg ha 1 days score cm g kg"' g kg"1 
Plant mips 0.43 0.14 0.62* 0.05 0.34 -0.47 0.31 
density Mips -0.45 -0.62* 0.45 0.19 0.26 -0.35 0.52 
(pit m'2) A 0.80** 0.63** -0.26 0.21 0.57** 0.08 -0.16 
Unadj. mips 0.95 ** 0.00 0.20 0.27 0.03 -0.05 
seed yield Mips 0.98 ** -0.46 0.03 -0.17 0.73 ** -0.74** 
(kg ha"1) A 0.97 ** -0.54** 0.23 0.47* 0.42* -0.50* 
Adj. mips -0.21 0.20 0.19 0.20 -0.16 
seed yield Mips -0.50 -0.02 -0.21 0.72** -0.77 ** 
(kg ha"1) A -0.60 ** 0.21 0.37 0.52** -0.59 ** 
Maturity mips 0.10 0.46 -0.34 0.60* 
(days) Mips 0.54 0.61* -0.52 0.35 
A 0.19 0.15 -0.52** 0.52** 
Lodging mips 0.39 0.01 0.46 
(score) Mips 0.49 0.10 -0.10 
A 0.46* 0.11 0.05 
Height mips -0.58 0.41 
(cm) Mips -0.13 0.15 
A -0.09 0.00 
Oil mips -0.46 
(g kg1) Mips -0.83 ** 
A -0.75** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
t mips = mips lines, Mips = Mips lines, A = all lines. 
t Yields adjusted for plant density based on covariate analysis. 
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Table A33. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 5. 
Trait Linest 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat. Ldg. Ht. Oil Protein 
kg ha'1 kg ha'1 days score cm g kg"1 g kg"1 
Plant mips 0.86** 0.32 -0.17 -0.05 -0.26 0.19 -0.10 
density Mips 0.32 -0.29 0.47 0.28 0.61 0.01 -0.14 
(pit m'2) A 0.93 ** -0.57** 0.09 0.20 0.77 ** 0.06 -0.47 
Unadj. mips 0.77* -0.04 -0.03 0.03 0.40 -0.49 
seed yield Mips 0.81** 0.06 0.51 0.14 0.59 -0.78 * 
(kg ha'1) A -0.23 0.05 0.27 0.70** 0.27 -0.67 ** 
Adj. mips 0.14 0.00 0.37 0.49 -0.78 * 
seed yield Mips -0.22 0.34 -0.23 0.59 -0.70 
(kg ha'1) A -0.13 0.08 -0.47 0.43 -0.25 
Maturity mips 0.86** 0.25 -0.44 -0.55 
(days) Mips -0.26 -0.28 -0.52 0.47 
A 0.11 -0.04 -0.50* 0.09 
Lodging mips 0.44 -0.62 -0.26 
(score) Mips 0.41 0.11 -0.44 
A 0.40 -0.09 -0.40 
Height mips -0.13 -0.13 
(cm) Mips 0.24 -0.32 
A 0.12 -0.49* 
Oil mips -0.25 
(g kg'1) Mips -0.90** 
A -0.63 ** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
f mips = mips lines, Mips = Mips lines, A = all lines. 
£ Yields adjusted for plant density based on covariate analysis. 
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Table A34. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 6. 
Trait Lines* 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat. Ldg. Ht. Oil Protein 
kg ha"1 kg ha"1 days score cm g kg"1 g kg'1 
Plant mips 0.54 -0.82 * 0.06 -0.48 0.37 0.08 -0.08 
density Mips 0.22 -0.39 -0.04 -0.50 -0.11 -0.36 0.15 
(pit m'2) A 0.70** -0.49 -0.22 -0.29 0.40 0.59* -0.33 
Unadj. mips 0.04 -0.52 -0.60 -0.21 0.40 -0.29 
seed yield Mips 0.82* -0.84* -0.81* -0.64 0.35 0.29 
(kg ha"1) A 0.28 -0.70** -0.51 0.01 0.71** -0.34 
Adj. mips -0.43 0.16 -0.59 0.18 -0.11 
seed yield Mips -0.77 * -0.47 -0.54 0.55 0.19 
(kg ha'1) A -0.56 * -0.24 -0.53 * 0.07 0.03 
Maturity mips 0.26 0.80* -0.88 ** 0.84* 
(days) Mips 0.68 0.74 -0.51 -0.28 
A 0.50 0.50 -0.63 * 0.48 
Lodging mips -0.12 0.06 -0.05 
(score) Mips 0.33 0.18 -0.70 
A 0.19 0.05 -0.25 
Height mips -0.71 0.68 
(cm) Mips -0.53 0.33 
A 0.09 0.17 
Oil mips -0.98 ** 
(g kg'1) Mips -0.48 
A -0.83 ** 
*,** Significant at the 0.05 and 0.0 L probability levels, respectively, 
t mips = mips lines. Mips = Mips lines, A = all lines. 
* Yields adjusted for plant density based on covariate analysis. 
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Table A35. Phenotypic correlation coefficients among mips. Mips, and all lines for agronomic and seed 
traits in Population 7. 
Trait Linesf 
Unadj. Adj. 
seed seed 
yield yield# Mat. Ldg. Ht. Oil Protein 
kg ha'1 kg ha"' days score cm g kg'1 g kg"' 
Plant mips 0.98 * 0.97 * 0.15 0.89 0.99 ** 0.07 0.19 
density Mips 0.63 0.58 0.81 0.54 0.17 -0.22 -0.24 
(pit m'2) A 0.97 ** 0.96 ** -0.05 0.04 0.91** 0.19 -0.10 
Unadj. mips 1.00** 0.20 0.93 0.96* 0.02 0.17 
seed yield Mips 1.00** 0.26 0.78 0.01 -0.87 0.30 
(kg ha-1) A 1.00** -0.02 0.22 0.91** 0.09 -0.03 
Adj. mips 0.21 0.93 0.95* 0.01 0.16 
seed yield Mips 0.21 0.77 0.00 -0.90 0.33 
(kg ha-1) A -0.01 0.25 0.90** 0.07 -0.02 
Maturity mips 0.56 0.26 -0.97 * 0.93 
(days) Mips 0.56 0.65 0.24 -0.76 
A 0.58 0.17 -0.40 0.03 
Lodging mips 0.92 -0.36 0.51 
(score) Mips 0.64 -0.50 -0.30 
A 0.33 -0.41 0.19 
Height mips -0.04 0.33 
(cm) Mips 0.31 -0.88 
A 0.13 -0.11 
Oil mips -0.90 
(g kg"') Mips -0.67 
A -0.83 ** 
*,** Significant at the 0.05 and 0.01 probability levels, respectively, 
t mips = mips lines, Mips = Mips lines, A = all lines. 
t Yields adjusted for plant density based on covariate analysis. 
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Table A36. Mean performance of all entries for Population 1 grown at Creston and Dallas Center, 
IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.f Ht#  Prot.ff Oil 
pits m'2 kg ha"1 kg ha"1 days score cm g kg"'-
m 31.0 2491 2509 36 1.5 97 402 227 
2 27.0 2404 2504 31 1.0 85 403 229 
3 39.2 2654 2504 37 1.4 108 392 223 
4 27.8 2698 2782 27 1.1 91 397 230 
5 16.2 2066 2388 30 1.9 98 381 233 
6 34.7 2424 2365 38 1.5 109 385 232 
7 37.6 2809 2690 24 1.4 102 389 231 
8 33.4 2780 2748 28 1.1 83 394 228 
9 38.7 2941 2801 30 1.4 94 423 212 
10 36.7 2570 2471 29 1.3 87 396 226 
11 35.8 2597 2516 20 1.0 85 390 238 
12 24.3 2642 2797 25 1.5 91 393 231 
CV% 9.2 10.9 11.3 8.4 16.6 5.5 1.6 2.1 
SE 1.5 141 146 1.2 0.1 2.6 3.1 2.4 
LSDO.05 4.6 438 454 3.9 0.3 8.1 9.8 7.4 
LSDO.OI 6.5 618 641 5.4 0.5 11.4 13.8 10.4 
f Entries 1 - 6  =  m i p s  lines, 7 - 12 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1[ Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EXOO1-980. For example, entry 1 was designated 
EX001-98001. 
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Table A37. Mean performance of all entries for Population 2 grown at Creston and Dallas Center, 
IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldfi.f Ht#  Prot.ft Oil 
pits m"" kg ha"1 kg ha"1 days score cm g kg"1 
1# 16.2 2515 3016 26 1.5 95 379 232 
2 31.6 2709 2438 24 1.5 101 379 232 
3 2.9 605 1771 32 1.5 83 417 211 
4 8.7 1774 2648 28 1.6 93 387 226 
5 13.4 1913 2554 27 1.4 97 383 230 
6 14.4 2676 3266 27 1.5 95 388 228 
7 30.4 2385 2172 27 1.5 108 382 229 
8 38.8 2839 2205 27 1.9 104 388 228 
9 40.8 3072 2337 31 1.9 106 382 230 
10 45.1 3467 2514 32 2.0 112 376 237 
11 31.8 2977 2695 26 1.3 103 378 229 
12 39.8 3064 2379 31 1.9 110 377 232 
CV% 12.1 8.5 8.6 7.1 17.6 6.0 1.4 1.2 
SE 1.6 106 107 1.0 0.1 3.0 2.7 1.4 
LSDQ.05 4.9 330 334 3.1 0.4 9.4 8.5 4.4 
LSDO.OI 7.0 466 471 4.3 0.6 13.3 12.1 6.2 
t Entries 1 - 6 = mips lines, 7 — 12 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
H Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
tt Entry numbers were preceded by EX002-980. For example, entry 1 was designated 
EX002-98001. 
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Table A38. Mean performance of all entries for Population 3 grown at Creston and Dallas Center, 
IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.f Ht.# Prot.ft Oil 
pits m"~ kg ha'1 kg ha"1 days score cm g kg l-
I t*  11.2 1619 2238 29 1.1 76 392 226 
2 13.0 1834 2355 27 1.5 93 379 241 
3 7.6 1287 2106 25 1.3 69 397 229 
4 13.4 1821 2319 28 1.0 74 396 225 
5 10.0 1812 2500 27 1.3 74 373 239 
6 9.7 1530 2236 27 1.4 77 403 224 
7 32.8 2966 2378 24 1.5 93 374 235 
8 41.0 3178 2133 23 1.8 102 374 231 
9 33.6 2846 2216 30 1.4 98 390 231 
10 28.1 2694 2370 27 1.4 84 395 222 
11 35.5 3279 2539 26 1.5 95 381 224 
12 31.7 3156 2632 23 1.6 100 378 236 
CV% 17.6 17.2 13.8 5.5 13.6 6.1 1.3 2.0 
SE 2.0 201 161 0.7 0.1 2.6 2.5 2.3 
LSDo.os 6.1 625 502 2.2 0.3 8.2 7.9 7.2 
LSDO.OI 8.6 882 709 3.2 0.4 11.6 11.1 10.2 
t Entries 1 - 6 = mips lines, 7 - 12 = Mips lines. 
£ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
H Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
** Entry numbers were preceded by EX003-980. For example, entry 1 was designated 
EX003-98001. 
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Table A39. Mean performance of all entries for Population 4 grown at Creston and Dallas Center, 
IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.1t Ht.# Prot.ff Oil 
m 
pits m 
26.6 
kg ha"1 
2849 
kg ha"1 
2961 
days 
37 
score 
1.3 
cm 
93 
g kg"1-
414 214 
2 28.2 2849 2940 36 1.9 90 414 216 
3 17.2 2333 2564 36 1.3 85 412 218 
4 28.5 2387 2474 39 1.8 91 427 212 
5 34.3 2840 2855 38 1.3 84 421 214 
6 23.6 2311 2460 35 1.3 86 416 213 
7 23.2 2342 2496 36 1.4 88 420 212 
8 23.2 2580 2734 36 1.3 86 410 213 
9 26.1 2590 2708 35 1.3 84 409 212 
10 35.4 2516 2516 38 1.3 94 419 205 
11 30.4 2402 2465 37 1.1 84 406 218 
12 46.1 3126 2991 37 1.4 98 412 209 
13 45.9 2835 2702 36 1.5 97 428 207 
14 44.7 3378 3260 37 1.6 97 413 214 
15 36.1 3264 3255 35 1.4 93 406 217 
16 42.4 3086 2998 36 1.6 91 401 215 
17 39.7 3400 3345 33 1.3 91 395 222 
18 45.6 3232 3103 36 1.6 87 408 217 
19 46.7 3272 3130 35 1.8 100 405 223 
20 46.3 3054 2916 34 1.1 86 424 208 
21 41.5 3368 3291 31 1.3 86 402 223 
22 47.4 3118 2966 36 1.3 94 409 219 
CV% 10.8 6.5 5.7 3.2 13.4 4.0 1.4 1.9 
SE 1.9 94 82 0.6 0.1 1.8 2.9 2.0 
LSDO.05 5.6 276 241 1.7 0.3 5.3 8.6 5.9 
LSDo.oi 7.7 376 328 2.3 0.4 7.2 11.7 8.0 
f Entries 1-11= mips lines, 12 — 22 = Mips lines. 
# Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
\ Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX001-990. For example, entry 1 was designated 
EX001-99001. 
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Table A40. Mean performance of all entries for Population 5 grown at Creston and Dallas Center, 
IA, in 2001. 
Unadj. Adj. 
Entry Plant seed seed 
no.f density yield yield* Mat.§ Ldg.l Ht.# Prot.ft Oil 
pits m kg ha"1 kg ha"1 days score cm g kg l-
1# 13.2 2123 2869 27 1.3 86 403 220 
2 12.8 1697 2465 22 1.0 79 420 215 
3 21.8 2216 2561 27 1.3 76 410 217 
4 9.9 1597 2499 32 1.5 81 408 209 
5 17.9 2162 2689 28 1.4 82 412 216 
6 16.5 2177 2771 31 1.4 84 406 214 
7 10.9 1787 2641 28 1.1 76 406 220 
8 19.6 2441 2888 27 1.1 77 401 217 
9 45.2 2842 2086 30 1.0 91 405 219 
10 37.4 2476 2085 28 1.1 84 416 204 
11 43.1 2943 2285 19 1.5 95 395 223 
12 42.8 3284 2639 28 1.5 88 399 215 
13 44.7 3118 2384 35 1.1 88 402 215 
14 47.1 3081 2235 29 1.5 100 404 213 
15 37.9 3260 2847 22 1.3 88 394 227 
16 44.9 3185 2444 33 1.5 87 403 215 
CV% 13.4 17.2 13.4 5.7 14.0 6.6 1.7 2.0 
SE 2.0 217 170 0.8 0.1 2.8 3.5 2.2 
LSDQ.05 5.9 653 511 2.4 0.3 8.5 10.4 6.5 
LSDo.ot 8.1 903 707 3.3 0.4 11.7 14.4 9.0 
t Entries 1 — 8 = mips lines, 9 - 16 = Mips lines. 
# Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1[ Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX002-990. For example, entry 1 was designated 
EX002-99001. 
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Table A41. Mean performance of all entries for Population 6 grown at Creston and Dallas Center, 
IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield! Mat.§ Ldg.f Ht.# Prot.ff Oil 
pits m ~ kg ha'1 kg ha"1 days score cm g kg 1 ' —— 
1# 37.6 2750 2769 37 1.3 95 399 212 
2 22.8 2716 3300 29 1.4 86 381 225 
3 31.6 2851 3098 33 1.3 91 398 216 
4 28.9 2804 3154 34 1.3 95 398 215 
5 37.9 2960 2966 28 1.0 91 385 222 
6 41.4 3064 2938 29 1.3 90 380 227 
7 30.3 3045 3344 30 1.1 89 394 218 
8 42.6 3269 3096 33 1.1 100 388 227 
9 45.9 3512 3213 26 1.1 86 380 231 
10 44.9 3326 3062 26 1.0 92 390 228 
11 45.3 3396 3120 26 1.0 95 389 230 
12 36.2 3265 3336 27 1.4 94 384 232 
13 45.6 3042 2753 34 1.4 101 384 229 
14 42.0 2896 2746 34 1.5 96 381 229 
CV% 8.9 6.9 6.9 3.4 19.5 4.7 1.5 1.8 
SE 1.7 106 105 0.5 0.1 2.2 2.9 2.0 
LSDo.os 5.2 325 321 1.6 0.4 6.7 9.0 6.0 
LSDo.ot 7.2 453 448 2.2 0.5 9.3 12.5 8.4 
t Entries 1 - 7 = mips lines, 8-14 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
f Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX003-990. For example, entry 1 was designated 
EX003-99001. 
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Table A42. Mean performance of all entries for Population 7 grown at Creston and Dallas Center, 
LA, in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.f Ht.# Prot.ff Oil 
pits m~~ kg ha"1 kg ha"1 days score cm g kg"'-
I# 7.9 1737 1872 34 1.3 79 405 219 
2 38.3 3220 3185 34 1.5 98 406 223 
3 20.2 2590 2656 33 1.4 85 393 223 
4 19.9 2305 2372 30 1.3 84 381 238 
5 40.3 3129 3083 27 1.1 91 403 227 
6 44.5 3358 3288 34 1.4 93 397 224 
7 42.8 3055 2995 34 1.1 94 387 232 
8 42.0 3173 3117 33 1.4 99 383 229 
CV% 29.1 8.7 8.6 11.4 35.3 4.9 1.3 0.1 
SE 1.8 122 121 0.2 0.1 2.2 4.7 2.5 
LSDo.05 6.1 408 405 0.8 0.4 7.4 15.6 8.2 
LSDo.oi 9.1 604 599 1.1 0.6 10.9 23.1 12.2 
t Entries 1 -4 = mips lines, 4-8 = Mips lines. 
t Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX004-990. For example, entry 1 was designated 
EX004-99001. 
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Table A43. Mean performance of all entries for Population 1 grown at Creston, IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.f Ht.# Prot.ff Oil 
pits m kg ha'1 kg ha'1 days score cm g kg"1 
1# 28.0 2580 2611 36 1.5 94 404 229 
2 20.7 2348 2661 30 1.0 81 402 230 
3 36.4 2473 2179 36 1.5 102 386 230 
4 23.4 2442 2651 26 1.3 85 394 233 
5 13.8 1838 2417 28 1.8 97 380 233 
6 30.7 2483 2409 39 1.5 105 382 233 
7 35.5 2573 2311 23 1.3 102 379 238 
8 33.0 2634 2471 25 1.3 84 388 232 
9 35.5 2627 2365 29 1.5 88 421 215 
10 33.4 2318 2140 26 1.5 84 390 232 
11 32.2 2224 2092 19 1.0 86 387 239 
12 22.7 2442 2677 25 1.5 89 388 233 
CV% 11.2 7.8 6.1 3.8 14.8 7.0 1.3 1.9 
SE 2.3 133 104 0.7 0.1 4.5 0.4 0.3 
LSDO.05 7.1 413 328 2.4 0.4 14.0 11.1 9.9 
LSDO.OI 10.0 583 466 3.4 0.6 19.8 15.7 13.9 
t Entries 1 — 6 = mips lines, 7 - 12 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
% Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EXOO 1-980. For example, entry 1 was designated 
EXOO1-98001. 
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Table A44. Mean performance of all entries for Population 1 grown at Dallas Center, IA, in 
2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.f Ht.# Prot.tt Oil 
pits m " kg ha*1 kg ha"1 days score cm g kg"1 
1# 34.1 2402 2404 35 1.5 100 400 225 
2 33.2 2459 2464 33 1.0 89 404 228 
3 42.0 2835 2817 38 1.3 114 399 216 
4 32.2 2953 2960 27 1.0 98 400 227 
5 18.5 2295 2337 32 2.0 100 382 232 
6 38.8 2365 2355 37 1.5 112 387 231 
7 39.7 3044 3032 25 1.5 103 398 224 
8 33.9 2926 2929 31 1.0 83 401 224 
9 41.9 3255 3238 32 1.3 100 426 210 
10 40.0 2822 2809 32 1.0 90 401 220 
11 39.5 2970 2958 22 1.0 84 393 238 
12 26.0 2842 2865 25 1.5 93 398 229 
CV% 9.3 5.0 5.2 1.7 10.7 5.9 0.8 0.9 
SE 2.3 98 102 0.9 0.1 4.0 0.2 0.3 
LSDo.05 7.2 304 323 1.1 0.3 12.5 7.3 4.2 
LSDo.oi 10.1 430 459 1.6 0.4 17.7 10.3 6.0 
t Entries I - 6 = mips lines, 7 - 12 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX001-980. For example, entry 1 was designated 
EX001-98001. 
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Table A45. Mean performance of all entries for Population 2 grown at Creston, IA, in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.1I Ht.# Prot.ff Oil 
pits m kg ha'1 kg ha"1 days score cm g kg l-
1# 15.4 2439 2994 24 1.5 93 376 237 
2 27.8 2392 2170 23 1.5 102 374 235 
3 2.7 490 1839 32 1.5 81 422 211 
4 7.6 1391 2435 27 2.0 93 386 230 
5 13.0 1754 2461 25 1.5 93 379 232 
6 13.9 2617 3265 25 1.8 99 384 231 
7 27.4 2254 2058 24 1.5 105 380 233 
8 37.4 2614 1793 26 2.0 100 386 229 
9 35.9 2977 2248 31 2.0 107 380 233 
10 44.3 3329 2078 30 2.0 108 372 240 
11 30.0 2849 2492 25 1.5 100 375 234 
12 35.9 2751 2023 28 1.8 102 371 237 
CV% 9.1 11.4 10.2 3.8 8.1 4.7 1.6 2.0 
SE 1.6 187 167 0.9 0.2 3.3 0.5 0.3 
LSDQ.05 4.8 581 526 2.2 0.3 10.2 13.8 10.0 
LSDO.OI 6.8 820 749 3.2 0.4 14.4 19.4 14.1 
t Entries 1 — 6 = mips lines, 7 - 12 = Mips lines. 
t Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX002-980. For example, entry 1 was designated 
EX002-98001. 
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Table A46. Mean performance of all entries for Population 2 grown at Dallas Center, LA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.H Ht.# Prot.ff Oil 
pits m'~ kg ha'1 kg ha'1 days score cm - - g kg -
1# 16.9 2590 2953 28 1.5 97 383 228 
2 35.3 3027 2790 24 1.5 100 385 228 
3 3.1 719 1531 32 1.5 85 413 211 
4 9.9 2157 2748 29 1.3 93 389 222 
5 13.8 2073 2537 29 1.3 100 388 228 
6 14.9 2735 3163 29 1.3 91 393 224 
7 33.4 2516 2341 30 1.5 110 384 226 
8 40.1 3064 2668 29 1.8 108 390 227 
9 45.7 3168 2592 32 1.8 105 384 228 
10 46.0 3605 3020 35 2.0 116 380 234 
11 33.5 3104 2924 27 1.0 105 382 224 
12 43.6 3376 2866 35 2.0 118 382 228 
CV% 6.6 5.3 5.0 4.4 12.0 4.9 0.9 1.7 
SE 1.3 100 95 0.9 0.2 3.6 0.3 0.3 
LSDo.05 4.1 310 298 2.9 0.4 11.1 7.6 8.3 
LSDQ.OI 5.7 438 424 4.0 0.6 15.6 10.7 11.7 
t Entries 1 — 6 = mips lines, 7 - 12 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
f Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX002-980. For example, entry 1 was designated 
EX002-98001. 
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Table A47. Mean performance of all entries for Population 3 grown at Creston, IA, in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.% Ht# Prot.tt Oil 
pits m kg ha'1 kg ha"1 days score cm g kg'1-
m 8.8 1566 2050 29 1.3 79 387 227 
2 8.0 1461 1981 27 1.5 91 376 241 
3 5.5 1015 1639 25 1.5 70 398 228 
4 10.0 1656 2089 27 1.0 71 392 229 
5 6.9 1734 2300 27 1.3 69 370 238 
6 5.4 1025 1655 27 1.5 79 405 220 
7 31.8 3064 2560 25 1.5 94 372 235 
8 38.8 3145 2337 24 2.0 99 368 230 
9 35.7 2940 2267 29 1.5 99 388 232 
10 25.3 2788 2563 27 1.5 81 392 223 
11 36.0 3101 2416 25 1.5 93 378 226 
12 28.5 2798 2434 23 1.8 97 373 239 
CV% 12.1 8.2 7.0 5.0 10.8 6.0 1.8 2.0 
SE 1.7 127 109 0.3 0.2 3.6 0.3 0.2 
LSDO.OS 5.3 396 344 2.9 0.4 11.2 15.6 10.4 
LSDo.oi 7.5 559 489 4.1 0.5 15.8 21.9 14.6 
t Entries I - 6 = mips lines, 7 - 12 = Mips lines. 
t Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX003-980. For example, entry 1 was designated 
EX003-98001. 
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Table A48. Mean performance of all entries for Population 3 grown at Dallas Center, IA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.f Ht.# Prottt Oil 
pits m " kg ha'1 kg ha"1 days score cm g kg l-
1# 13.7 1673 2436 29 1.0 72 397 225 
2 18.0 2207 2668 28 1.5 94 381 242 
3 9.7 1559 2596 26 1.0 67 396 231 
4 16.8 1985 2531 28 1.0 77 401 220 
5 13.1 1891 2692 26 1.3 80 376 241 
6 13.9 2036 2780 27 1.3 75 401 228 
7 33.9 2869 2215 23 1.5 93 377 236 
8 43.2 3212 1906 22 1.5 104 381 231 
9 31.5 2751 2267 31 1.3 97 392 230 
10 30.9 2600 2154 27 1.3 86 398 221 
11 35.1 3457 2718 27 1.5 97 385 223 
12 34.9 3514 2794 22 1.5 103 383 233 
CV% 9.4 12.4 11.1 5.0 13.5 5.9 1.3 1.6 
SE 1.6 218 194 0.4 0.2 3.6 0.4 0.3 
LSDQ.05 5.1 677 613 2.9 0.4 11.2 10.9 8.3 
LSDo.ot 7.2 956 871 4.1 0.5 15.9 15.3 11.7 
t Entries 1 - 6 = mips lines, 7 - 12 = Mips lines. 
t Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
f Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
tt Entry numbers were preceded by EX003-980. For example, entry 1 was designated 
EX003-98001. 
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Table A49. Mean performance of all entries for Population 4 grown at Creston, IA, in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.f Ht.# Prot.tf Oil 
pits m " kg ha"1 kg ha"1 days score cm g kg"1-
1# 21.1 2792 3029 39 1.5 89 406 216 
2 25.8 2856 2996 37 2.0 89 407 217 
3 12.8 2140 2546 38 1.5 80 409 222 
4 23.4 2412 2602 41 2.0 91 422 212 
5 32.7 3013 3013 39 1.5 85 418 217 
6 17.4 2335 2647 38 1.5 86 408 213 
7 18.1 2352 2650 38 1.5 89 420 214 
8 18.5 2678 2967 37 1.5 88 407 215 
9 21.9 2637 2858 37 1.5 84 405 213 
10 31.2 2624 2654 40 1.5 94 413 205 
11 28.8 2493 2572 38 1.3 84 402 221 
12 43.9 3188 2958 39 1.5 99 402 212 
13 42.3 2903 2706 37 1.5 97 421 209 
14 44.3 3491 3252 38 1.5 94 411 213 
15 33.4 3333 3318 35 1.8 93 406 215 
16 42.2 3205 3011 38 1.8 93 394 219 
17 38.7 3524 3402 34 1.5 91 392 222 
18 43.7 3225 3000 36 1.8 86 405 219 
19 46.1 3433 3159 36 2.0 98 402 226 
20 44.9 2963 2713 34 1.3 84 417 214 
21 41.8 3608 3422 32 1.3 84 404 223 
22 45.9 3218 2947 37 1.5 94 406 218 
CV% 8.2 7.3 7.2 2.7 20.4 3.8 1.5 2.0 
SE 1.9 151 149 0.7 0.2 2.4 0.4 0.2 
LSDQ.05 5.6 444 441 2.1 0.7 7.1 13.0 9.2 
LSDQ.01 7.6 605 601 2.8 0.9 9.7 17.9 12.5 
t Entries 1-11= mips lines, 12 — 22 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
$$ Entry numbers were preceded by EX001-990. For example, entry 1 was designated 
EX001-99001. 
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Table A50. Mean performance of all entries for Population 4 grown at Dallas Center, IA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.f Ht.# Prot.ff Oil 
pits m kg ha'1 kg ha'1 days score cm g kg'1 
itt 32.0 2906 2953 36 1.0 98 422 212 
2 30.7 2842 2900 35 1.8 91 421 215 
3 21.5 2526 2655 35 1.0 90 414 214 
4 33.7 2362 2397 37 1.5 90 432 211 
5 35.8 2667 2686 36 1.0 84 424 212 
6 29.9 2288 2352 33 1.0 85 425 213 
7 28.2 2332 2408 35 1.3 86 420 211 
8 28.0 2483 2561 35 1.0 85 413 211 
9 30.3 2543 2604 34 1.0 85 414 212 
10 39.6 2409 2398 36 1.0 94 425 205 
11 32.0 2311 2359 37 1.0 85 411 215 
12 48.2 3064 2986 36 1.3 98 422 206 
13 49.6 2768 2680 35 1.3 98 435 206 
14 45.1 3265 3212 36 1.5 99 414 215 
15 38.9 3195 3189 34 1.0 94 407 220 
16 42.6 2966 2932 35 1.5 90 408 212 
17 40.8 3276 3255 32 1.0 90 399 221 
18 47.6 3239 3166 35 1.5 88 411 215 
19 47.3 3111 3040 34 1.5 103 407 220 
20 47.7 3145 3071 34 1.0 89 430 202 
21 41.2 3128 3104 31 1.3 89 401 223 
22 48.9 3017 2934 35 1.0 94 412 221 
CV% 8.9 4.6 4.6 1.8 25.5 3.7 1.4 2.1 
SE 2.4 91 91 0.5 0.2 2.4 0.5 0.4 
LSDO.O5 7.1 268 270 1.3 0.6 7.0 11.9 9.2 
LSDo.oi 9.6 365 368 1.8 0.9 9.5 16.2 12.5 
t Entries 1-11= mips lines, 12 — 22 = Mips lines. 
t Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
tt Entry numbers were preceded by EX001-990. For example, entry 1 was designated 
EXOO1-99001. 
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Table A51. Mean performance of all entries for Population 5 grown at Creston, IA, in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.f Ht.# Prot.tf Oil 
pits m" kg ha"1 kg ha"1 days score cm — — g kg -
1# 10.5 1949 2759 26 1.3 86 396 223 
2 10.1 1357 2188 23 1.0 80 414 217 
3 20.8 2352 2657 28 1.3 77 404 218 
4 8.9 1525 2416 33 1.5 80 408 210 
5 10.3 1703 2527 28 1.5 79 410 215 
6 14.5 2093 2711 31 1.5 81 399 214 
7 10.1 1905 2735 29 1.3 79 401 224 
8 15.3 2416 2993 27 1.3 81 396 219 
9 42.2 3208 2462 30 1.0 94 401 220 
10 37.4 2617 2104 28 1.3 85 410 206 
11 43.2 3208 2410 20 1.8 98 393 219 
12 41.6 3336 2617 27 1.5 91 400 211 
13 41.8 3245 2520 35 1.3 90 407 214 
14 47.2 3323 2331 30 1.5 95 398 214 
15 35.4 3316 2903 23 1.5 91 393 228 
16 42.8 3292 2513 34 1.5 85 401 214 
CV% 14.3 14.8 13.3 4.8 15.7 5.3 1.4 1.5 
SE 2.7 268 240 0.9 0.1 3.2 0.5 0.2 
LSDo.05 8.2 807 727 2.9 0.5 9.8 12.4 6.8 
LSDo.ot 11.4 1116 1010 4.0 0.6 13.5 17.1 9.3 
t Entries 1 —8 = mips lines, 9 - 16 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX002-990. For example, entry 1 was designated 
EX002-99001. 
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Table A52. Mean performance of all entries for Population 5 grown at Dallas Center, IA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.i Ht.# Prot.tt Oil 
pits m kg ha"1 kg ha"1 days score cm g kg1 
1# 15.9 2298 2936 28 1.3 86 411 217 
2 15.4 2036 2696 20 1.0 79 426 213 
3 22.7 2080 2435 26 1.3 74 417 216 
4 10.9 1670 2516 32 1.5 81 408 208 
5 25.5 2620 2857 28 1.3 85 415 216 
6 18.5 2261 2791 31 1.3 88 413 214 
7 11.8 1670 2482 28 1.0 74 411 217 
8 23.9 2466 2771 26 1.0 72 407 216 
9 48.2 2476 1765 30 1.0 88 410 218 
10 37.4 2335 2075 28 1.0 84 423 201 
11 43.0 2678 2187 19 1.3 93 396 227 
12 44.1 3232 2696 30 1.5 84 397 220 
13 47.7 2990 2302 34 1.0 86 397 217 
14 47.0 2839 2178 28 1.5 105 409 212 
15 40.4 3205 2821 21 1.0 85 396 227 
16 46.9 3077 2423 32 1.5 89 406 216 
CV% 8.0 7.3 6.1 3.3 22.7 5.5 1.6 2.5 
SE 1.8 128 108 0.6 0.1 3.3 0.2 0.3 
LSDQ.05 5.3 386 328 1.9 0.6 10.0 14.1 11.5 
LSDo.01 7.4 534 456 2.6 0.8 13.8 19.5 15.9 
t Entries 1 - 8 = mips lines, 9 — 16 = Mips lines. 
# Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX002-990. For example, entry 1 was designated 
EX002-99001. 
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Table A53. Mean performance of all entries for Population 6 grown at Creston, IA. in 2001. 
Entry 
no.t 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.1t Ht.# Prot.tt Oil 
pits m " kg ha"1 kg ha"1 days score cm g kg 1 i 
1# 35.7 2933 2928 39 1.5 90 395 214 
2 16.0 2570 2628 29 1.5 81 375 225 
3 27.6 2782 2803 33 1.5 90 389 220 
4 22.8 2751 2788 35 1.5 90 390 220 
5 36.2 2909 2903 28 1.0 84 386 221 
6 38.4 2983 2970 29 1.5 88 377 230 
7 24.5 3017 3048 30 1.3 84 384 224 
8 40.3 3215 3195 32 1.3 99 383 229 
9 43.5 3497 3467 26 1.3 83 378 231 
10 39.7 3161 3143 26 1.0 93 381 232 
11 42.4 3329 3303 26 1.0 91 382 233 
12 31.8 3235 3243 27 1.5 89 377 234 
13 42.2 3171 3146 34 1.8 98 377 233 
14 36.8 3064 3055 34 1.5 90 375 233 
CV% 5.8 6.3 6.6 4.2 12.2 5.4 1.7 1.4 
SE 1.4 136 142 0.9 0.1 3.4 0.4 0.3 
LSDQ.05 4.3 416 436 2.8 0.4 10.4 14.3 6.9 
LSDO.OI 6.0 580 612 3.9 0.5 14.5 20.0 9.6 
t Entries 1 — 7 = mips lines, 8 — 14 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX003-990. For example, entry 1 was designated 
EX003-99001. 
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Table A54. Mean performance of all entries for Population 6 grown at Dallas Center, IA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.lî Ht.# Prot.tt Oil 
pits m kg ha"1 kg ha"1 days score cm g kg"1 ' 
1# 39.5 2567 2695 36 1.0 99 404 211 
2 29.7 2862 3483 29 1.3 91 387 225 
3 35.7 2919 3240 33 1.0 91 408 212 
4 35.0 2856 3210 34 1.0 100 406 211 
5 39.6 3010 3132 29 1.0 98 385 223 
6 44.3 3144 3027 29 1.0 93 383 225 
7 36.1 3074 3374 31 1.0 94 405 212 
8 44.9 3323 3178 33 1.0 100 394 226 
9 48.2 3527 3212 26 1.0 89 383 231 
10 50.1 3491 3080 26 1.0 91 398 224 
11 48.1 3464 3155 26 1.0 99 397 227 
12 40.7 3296 3363 28 1.3 99 391 230 
13 49.1 2913 2556 34 1.0 104 391 225 
14 47.2 2728 2467 34 1.5 102 387 224 
CV% 8.1 7.8 5.7 3.0 12.0 3.2 0.9 1.7 
SE 2.4 170 124 0.6 0.1 2.2 0.2 0.1 
LSDQ.05 7.3 520 383 2.0 0.3 6.8 7.4 8.1 
LSDO.OI 10.2 724 538 2.8 0.4 9.4 10.3 11.3 
t Entries 1 — 7 = mips lines, 8 - 14 = Mips lines. 
I Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
Î Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
ft Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX003-990. For example, entry 1 was designated 
EX003-99001. 
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Table A55. Mean performance of all entries for Population 7 grown at Creston, IA, in 2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yield* Mat.§ Ldg.f Ht.# Prot.tf Oil 
pits m kg ha"1 kg ha"1 days score cm g kg l-
1# 5.1 1539 2071 34 1.3 76 411 217 
2 33.5 3302 3201 35 1.5 95 404 224 
3 14.5 2419 2743 34 1.5 84 392 225 
4 15.1 2332 2641 30 1.5 88 373 242 
5 38.7 3158 2942 27 1.3 91 394 232 
6 43.0 3497 3185 34 1.3 90 392 227 
7 41.9 2936 2648 34 1.3 93 382 236 
8 40.1 3145 2896 34 1.5 97 382 229 
CV% 5.9 5.7 5.9 1.4 18.2 4.2 0.9 1.2 
SE 1.2 112 117 0.8 0.1 2.6 4.4 3.1 
LSDo.os 4.1 374 405 1.1 0.6 8.8 8.7 6.3 
LSDo.oi 6.0 553 614 1.6 0.9 13.0 12.9 9.3 
f Entries 1 -4 = mips lines, 4-8 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
1 Lodging score = 1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX004-990. For example, entry 1 was designated 
EX004-99001. 
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Table A56. Mean performance of all entries for Population 7 grown at Dallas Center, IA, in 
2001. 
Entry 
no.f 
Plant 
density 
Unadj. 
seed 
yield 
Adj. 
seed 
yieldt Mat.§ Ldg.T Ht.# Prot.tt Oil 
pits m" kg ha"1 kg ha"1 days score cm g kg"1-
1# 10.7 1935 1617 34 1.3 83 399 222 
2 43.1 3138 3244 34 1.5 100 409 222 
3 26.0 2762 2643 33 1.3 86 395 222 
4 24.6 2278 2142 29 1.0 81 389 234 
5 42.0 3101 3193 27 1.0 90 412 221 
6 45.9 3218 3362 33 1.5 97 402 221 
7 43.8 3175 3290 33 1.0 95 392 229 
8 43.8 3202 3317 33 1.3 102 385 229 
CV% 4.7 7.5 8.0 1.6 18.6 4.6 1.4 2.2 
SE 1.2 151 162 0.4 0.1 3.0 4.0 3.1 
LSDQ.05 3.9 505 562 1.2 0.5 9.9 13.2 11.6 
LSDO.OI 5.7 747 851 1.7 0.8 14.6 19.5 17.2 
t Entries 1 -4 = mips lines, 4-8 = Mips lines. 
$ Yields adjusted for plant density based on covariate analysis. 
§ Maturity = days after 31 August. 
It Lodging score =1.0 (all plants erect) to 5.0 (all plants prostrate). 
# Height measured from the soil surface to the terminal node. 
tt Protein and oil content expressed on a 13%-moisture basis. 
# Entry numbers were preceded by EX004-990. For example, entry 1 was designated 
EX004-99001. 
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APPENDIX B 
ANALYSES OF VARIANCE AND MEANS FOR CHAPTER 3 
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was: 
where 
The additive model for field emergence for the combined analysis across locations 
Yijki = (j. + Li + R(L)ij + G|c + S| + (GS)ici + (LG)^ + (LS)ji + (LGS)iki + e%w, 
Yijki = observed value of the kth genotype for the 1th source in the j* replication in 
the ith location, 
H = overall mean, 
Li = effects of the i,h location (i = 1 to 3), 
R(L)ij = effects of the jlh replication within the 1th location (j = 1 to 2), 
Gk = effect of the kth genotype (k = 1 to 10), 
Si = effect of the 1th source nursery (1=1 to 8), 
(GS)w = effect of the interaction between the km genotype and 1th source, 
(LG)ik = effect of the interaction between the i* location and kth genotype, 
(LS)ii = effect of the interaction between the ith location and 1th source, 
(LGS)iki = effect of the interaction between the i* location, k"1 genotype, and 1th 
source, and 
Cjjki = experimental error. 
The location x genotype interaction mean square was used to evaluate the genotype 
main effect and the partitioned genotype effects (Table Bl). The replication within location 
mean square was used to evaluate the location main effect. The location x source interaction 
mean square was used to evaluate the source main effect. The location x source x genotype 
interaction was used to evaluate the source x genotype interaction. 
115 
Table Bl. Analysis of variance and expected mean squares across locations for field emergence. 
Sources of variation Degrees of freedom Expected mean squares 
Locations (L) 1-1 CT2c + sga2R{L) + rsga2u 
Replications [R(L)] Kr-l) a\ + sgcrR(L) 
Genotypes (G) g-l M7 c\ + rsCT2LG + rls0G 
mips lines (mips) mips -1 M71 rso"Lmipj + rlsômjpj 
Mips lines (Mips) Mips -1 M72 0% + rs c'iMips + rls6*//pj 
mips vs. Mips 1 M73 
Sources (S) s-L M6 <re + rga2Ls + rlgôs 
S xG (s-1) (g-l) M5 C"e + rcr'LSG + rlôsG 
S x mips (s-l)(mzpj -1) M51  ^e rOmipjS 
S x Mips (s-l)(Mips -1) Mji <J"e + ^MipsS 
S x (mips vs. Mips) (s-1) M53 
L x G  (I-lXg-D M4 a\ + rsc2LG 
L x mips (l-l)(/mps -l) M41 a"e + rsc~LMiPS 
L x Mips (l-l)(Mzps -1) M42 
L x (mips vs. Mips) (1-1) M43 
L x S (l-D(s-l) M3 a2e + rgcr2Ls 
L x S x G (l-l)(s-l)(g-l) M2 CT*C + ro2LSG 
L x S x mips (l-l)(s-l)(mips -1) M21 CT e  ^LSmipi 
L x S x Mips (1-lXs-l)(Mips -1) M22 2 2 a c + ter LSMips 
L x S x (mips vs. Mips) (l-l)(s-l) M23 
Pooled error l(r-l)(sg-l) M, <y\ 
Total Irsg -1 
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Table B2. Analysis of variance for percentage field emergence 
combined across three Iowa locations in 2000. 
Sources of Mean 
variation Df squares F 
Locations (L) 2 1075.09 29.4* 
Replications [R(L>] 3 36.56 1.6 
Genotypes (G) 9 41962.76 305.5** 
mips lines (mips) 5 676.81 4.9** 
Mips lines (Mips) 3 8.81 0.1 
mips vs. Mips 1 374254.40 2724.5** 
Source (S) 7 19510.05 183.2** 
G x S 63 1543.95 43.0** 
mips x S 35 252.15 7.0** 
Mips x S 21 126.85 3.5** 
(mips vs. Mips) x S 7 12254.26 341.6** 
L x G  18 137.37 5.9** 
E x mips 10 47.44 2.0* 
E x Mips 6 47.50 2.0 
E x (mips vs. Mips) 2 856.60 36.5** 
L x S 14 106.48 4.5** 
L x S x G 126 35.88 1.5** 
E x S x mips 70 38.32 1.6** 
E x S x Mips 42 21.07 0.9 
E x S x (mips vs. Mips) 14 68.08 2.9** 
Error 237 23.44 
CV(%) 10.6 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table B3. Analysis of variance for percentage field emergence 
combined across three Iowa locations in 2001. 
Sources of Mean 
variation Df squares F 
Locations (L) 2 5971.43 170.5 ** 
Replications [R(L)] 3 35.01 2.0 
Genotypes (G) 9 50199.68 1325.9** 
mips lines {mips) 5 1381.82 36.5 ** 
Mips lines (Mips) 3 68.52 1.8 
mips vs. Mips 1 444682.47 11745.0** 
Source (S) 7 8580.42 27.4** 
G x S  63 1497.68 42.8 ** 
mips x S 35 322.08 9.2** 
Mips x S 21 139.18 4.0** 
(,mips vs. Mips) x S 7 11451.20 326.9** 
L x G 18 37.86 2.1** 
E x mips 10 42.70 2.4** 
E x Mips 6 21.57 1.2 
E x (mips vs. Mips) 2 62.57 3.5* 
L x S  14 313.71 17.8** 
L x S x G 126 35.03 2.0** 
E x S x mips 70 24.83 1.4* 
E x S x Mips 42 16.48 0.9 
E x S x (mips vs. Mips) 14 141.68 8.0** 
Error 237 17.64 
CV (%) 9.3 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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For an individual location, the additive model for field emergence was: 
Yijk = p. + R; + Gj + St + GSjk + ejjk, 
where 
Yyk = observed value of the jth genotype for the kth source in the im replication, 
V- = overall mean, 
Ri = effects of the i"1 replication (i = 1 to 2), 
Gj = effect of the jlh genotype (j = I to 10), 
sk = effect of the klh source nursery (k = 1 to 8), 
(GS)jk = effect of the interaction between the j"1 genotype and kth source, and 
Cjjk = experimental error. 
Table B4. Analysis of variance and expected mean squares for individual locations for field 
emergence. 
Sources of variation Degrees of freedom Expected mean squares 
Replications (R) r-1 0% + gso2R 
Genotypes (G) g-1 M4 a2e + rs0G 
mips lines (mips) mips lines -1 MIL 0"e + rs6m,p, 
Mips lines (Mips) Mips lines -1 M42 a2e + rsQwps 
mips vs. Mips I M43 
Sources (S) s-1 M3 CT% + rg0s 
S x G (s-1) (g-1) M2 CT"C + RSSA 
S x mips (s-1 )(mips lines -1) M2[ + fOsm/pj 
S x Mips (s-1 )(Mips lines -1) M22 0"C + RTSMIPS 
S x (mips vs. Mips) (s-1) M23 
Pooled error (r-l)(sg-l) M, <J2e 
Total rsg-1 
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Table B5. Analysis of variance for percentage field emergence at 
Johnston, LA, in 2000. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 1.88 0.1 
Genotypes (G) 9 14303.32 486.1** 
mips lines (mips) 5 208.64 7.1** 
Mips lines (Mips) 3 22.17 0.8 
mips vs. Mips 1 127620.19 4337.6** 
Source (S) 7 6594.67 224.1** 
G x S 63 543.93 18.5** 
mips x S 35 87.54 3.0** 
Mips x S 21 34.03 1.2 
(mips vs. Mips) x S 7 4355.58 148.0** 
Error 79 29.42 
CV (%) 11.9 
* ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table B6. Analysis of variance for percentage field emergence at 
Durant, IA, in 2000. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 10.68 0.8 
Genotypes (G) 9 16175.07 1262.7** 
mips lines (mips) 5 188.69 14.7** 
Mips lines (Mips) 3 16.35 1.3 
mips vs. Mips 1 144583.14 11286.8** 
Source (S) 7 6889.16 537.8** 
G x S 63 547.75 42.8** 
mips x S 35 95.93 7.5** 
Mips x S 21 80.79 6.3** 
(mips vs. Mips) x S 7 4207.77 328.5** 
Error 79 12.81 
CV(%) 8.2 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table B7. Analysis of variance for percentage field emergence at 
Atlantic, LA, in 2000. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 97.14 3.5 
Genotypes (G) 9 11759.11 418.7** 
mips lines (mips) 5 374.36 13.3** 
Mips lines (Mips) 3 65.28 2.3 
mips vs. Mips 1 103764.28 3694.8** 
Source (S) 7 6239.18 222.2** 
G x S 63 524.02 18.7** 
mips x S 35 145.32 5.2** 
Mips x S 21 54.18 1.9* 
(mips vs. Mips) x S 7 3827.06 136.3** 
Error 79 28.08 
CV (%) 10.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table B8. Analysis of variance for percentage field emergence at 
Johnston, IA, in 2001. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 67.60 4.2* 
Genotypes (G) 9 17349.18 1087.0** 
mips lines (mips) 5 551.44 34.6** 
Mips lines (Mips) 3 22.42 1.4 
mips vs. Mips 1 153318.15 9606.4** 
Source (S) 7 4391.07 275.1 ** 
G x S  63 657.14 41.2** 
mips x S 35 148.96 9.3** 
Mips x S 21 56.61 3.5** 
(mips vs. Mips) x S 7 4999.64 313.3** 
Error 79 15.96 
CV(%) 7.9 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table B9. Analysis of variance for percentage field emergence at 
Durant, IA, in 2001. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 1.34 0.1 
Genotypes (G) 9 16039.17 926.5" 
mips lines (mips) 5 555.59 32.1** 
Mips lines (Mips) 3 11.71 0.7 
mips vs. Mips 1 141539.46 8176.4** 
Source (S) 7 3585.04 207.1** 
G x S 63 574.57 33.2** 
mips x S 35 165.94 9.6** 
Mips x S 21 64.16 3.7** 
(mips vs. Mips) x S 7 4148.96 239.7** 
Error 79 17.31 
CV(%) 9.0 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table BIO. Analysis of variance for percentage field emergence 
at Atlantic, IA, in 2001. 
Sources of Mean 
variation Df squares F 
Replications (R) 1 36.10 1.8 
Genotypes (G) 9 16887.05 859.9** 
mips lines (mips) 5 360.18 18.3** 
Mips lines (Mips) 3 77.53 3.9* 
mips vs. Mips 1 149950.00 7635.4** 
Source (S) 7 1231.74 62.7** 
G x S 63 336.04 17.1** 
mips x S 35 56.85 2.9** 
Mips x S 21 51.38 2.6** 
(mips vs. Mips) x S 7 2585.95 131.7** 
Error 79 19.64 
CV(%) 11.5 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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For the laboratory tests, the additive model was: 
Yjjic = n + Ri + Gj + St + GSjk + eijk, 
where 
Yijk 
Ri 
= observed value of the jlh genotype for the kttl source in the ith replication, 
= overall mean, 
= effects of the ilh replication (i = 1 to 4), 
= effect of the jth genotype (j = I to 10), Gj 
Sk = effect of the k"1 source nursery (k = 1 to 8), 
(GS)jk = effect of the interaction between the jth genotype and k* source, 
eijk = experimental error. 
Table B11. Analysis of variance and expected mean squares for the laboratory tests. 
Sources of variation Degrees of freedom Expected mean sq 
Replications (R) r-1 cre + gsCT2R 
Genotypes (G) g-1 m4 CT2C + rs0G 
mips lines (mips) mips lines -I Mii o2e + rsQmips 
Mips lines (Mips) Mips lines -1 m42 a\ + TsQMipS 
mips vs. Mips I M43 
Sources (S) s-1 m3 + rg9s 
S xG (s-1) (g-1) m2 CT"c + r0sG 
S x mips (s-l)(mips lines -I) m21 "f" t^Smips 
S x Mips (s-l)(Mips lines -1) m22 CT"e + rOsAfips 
S x (mips vs. Mips) (s-1) my 
Pooled error (r-l)(sg-l) mt cre 
Total rsg -1 
Table B12. Analysis of variance for warm germination, cold vigor, accelerated aging, and tetrazolium tests in 
2000. 
Warm Cold Accelerated 
germination vigor aging Tetrazolium 
Sources of Mean Mean Mean Mean 
variation Df squares squares squares squares 
Replications (R) 3 338.85** 82.91 226.83** 3521,23** 
Genotypes (G) 9 19887.81** 30668.78** 49149.02** 4634.27** 
mips lines (mips) 5 2381,75** 766.64** 760.13** 3870.52** 
Mips lines (Mips) 3 4,95 3.00 92,67** 76,20 
mips vs. Mips 1 167066,72** 272176.88** 438262.53** 22127.25** 
Source (S) 7 14032,80** 18965.51** 2762,91 ** 2928.97** 
G x S 63 1272.95** 1612.37** 518.77** 344.70** 
mips x S 35 414.50** 232.41 ** 277.29** 318.00** 
Mips x S 21 30.35 42.90 74.31** 15.63 
(mips vs. Mips) x S 7 9292.97** 13220.53** 3059.59** 1465.41 ** 
Error 237 38.01 33.45 19.89 89.06 
CV (%) 9J 101 105 UA 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table B13, Analysis of variance for warm germination, cold vigor, accelerated aging, and tetrazolium tests 
in 2001, 
Warm Cold Accelerated 
germination vigor aging Tetrazolium 
Sources of Mean Mean Mean Mean 
variation Df squares squares squares squares 
Replications (R) 3 130.48 783.51** 122.98** 4836.78** 
Genotypes (G) 9 29780.56** 32742,58** 46430.58** 3197.43** 
mips lines (mips) 5 1866.57** 1224.72** 668.34** 1128.55** 
Mips lines (Mips) 3 96.86 81.21 232.83** 434.86** 
mips vs. Mips 1 258401.60** 288316.03** 413835.08** 21829.52** 
Source (S) 7 11411.51** 14542.03** 465.87** 1591.66** 
G x S  63 1704.86** 1625.17** 404,33** 394.81 ** 
mips x S 35 556.92** 431.93** 89,81** 412.76** 
Mips x S 21 57.67 43.42 320,98** 113,08 
(mips vs. Mips) x S 7 12386.07** 12336.57** 2227.01 ** 1150.26** 
Error 237 50.21 52.09 19.52 105.05 
CV (%) 123 118 12/7 118 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table B14. Location and line means for percentage field emergence in 2000. 
Location* 
Line Johnston Durant Atlantic Mean SE LSDo.os LSDo.oi 
LPR1001 18.8 15.2 21.1 18.4 1.0 4.4 8.0 
LPR1002 25.3 17.8 31.4 24.8 1.7 7.6 13.9 
LPR1003 21.3 18.5 24.5 21.4 0.8 3.7 6.8 
LPR1004 17.8 15.8 25.1 19.5 0.9 3.8 7.0 
LPR1005 26.6 22.8 32.8 27.4 2.4 10.9 19.9 
LPR1006 24.3 23.2 31.9 26.5 1.3 6.1 11.1 
93B45 80.5 79.5 81.6 80.6 0.7 3.2 5.8 
93B65 81.0 81.3 77.0 79.8 1.1 4.8 8.8 
93B82 78.3 80.9 79.5 79.6 1.4 6.3 11.7 
P9306 80.0 79.2 81.0 80.1 1.9 8.5 15.6 
Mean 45.4 43.4 48.6 0.5 2.2 3.9 
SE 1.4 0.9 1.3 1.7 
LSDo.os 3.8 2.5 3.7 5.0 
LSDo.oi 5.1 3.3 4.9 6.9 
* All locations were in Iowa. 
Table B15. Location and line means for percentage field emergence in 2001. 
Location* 
Line Johnston Durant Atlantic Mean SE LSDo.os LSDo.oi 
LPR1001 20.5 16.1 8.8 15.2 1.0 4.5 8.3 
LPR1002 21.0 17.0 8.0 15.3 1.1 5.1 9.4 
LPR1003 26.0 23.7 13.4 21.0 0.8 3.4 6.3 
LPR1004 19.7 17.7 13.2 16.8 1.5 6.6 12.1 
LPR1005 33.4 28.5 17.8 26.6 0.3 1.5 2.7 
LPR1006 31.1 29.1 19.9 26.7 0.8 3.7 6.7 
93B45 87.1 82.0 74.8 81.3 0.8 3.7 6.8 
93B65 89.7 83.9 75.8 83.2 0.9 4.0 7.4 
93B82 88.0 82.3 74.3 81.5 0.6 2.9 5.3 
P9306 89.2 82.7 79.2 83.7 1.1 5.1 9.4 
Mean 50.6 46.3 38.5 0.5 2.1 3.9 
SE 1.0 1.0 1.1 0.9 
LSDo.os 2.8 2.9 3.1 2.6 
LSDo.oi 3.7 3.9 4.1 3.6 
* All locations were in Iowa. 
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Table B16. Location and seed source means for percentage field emergence in 
2000. 
Seed Location* 
source Johnston Durant Atlantic Mean SE LSDo.os LSDo.oi 
Missouri 80.5 83.0 80.6 81.4 2.5 11.2 20.5 
Chile 66.4 59.0 70.3 65.2 0.8 3.6 6.7 
Hawaiif 42.6 39.7 50.0 44.1 0.8 3.7 6.9 
P.R4 37.0 36.2 41.4 38.2 1.2 5.5 10.2 
Mexicof 36.6 34.7 40.0 37.1 0.7 3.1 5.6 
Hawaii# 35.4 32.9 38.6 35.6 1.1 4.9 9.1 
P.R.I 36.7 35.2 37.3 36.4 1.3 5.9 10.9 
Mexico# 28.0 26.7 30.4 28.4 0.8 3.5 6.5 
Mean 45.4 43.4 48.6 0.5 2.2 3.9 
SE 1.2 0.8 1.2 1.3 
LSDo.os 3.4 2.3 3.3 4.0 
LSDo.oi 4.5 3.0 4.4 5.6 
* All locations were in Iowa. 
f Nurseries were planted during October 1999. 
£ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B17. Location and seed source means for percentage field emergence in 
2001. 
Seed Location* 
source Johnston Durant Atlantic Mean SE LSDo.os LSDo.oi 
Iowa 73.1 68.0 51.4 64.2 2.4 10.8 19.9 
Chile 73.9 66.4 49.7 63.3 1.1 5.1 9.4 
Hawaiif 45.0 41.6 36.8 41.2 0.6 2.8 5.2 
P.R4 40.8 37.2 33.2 37.1 0.7 3.3 6.1 
Mexicof 36.9 35.2 33.0 35.0 1.3 5.6 10.3 
Hawaii# 39.5 36.8 29.9 35.4 0.8 3.4 6.2 
P.R.Ï 43.5 38.4 36.9 39.6 0.7 3.0 5.5 
Mexico# 51.7 46.8 37.2 45.2 1.2 5.4 9.9 
Mean 50.6 46.3 38.5 0.5 2.1 3.9 
SE 0.9 0.9 1.0 2.3 
LSDo.os 2.5 2.6 2.8 6.9 
LSDo.oi 3.3 3.5 3.7 9.6 
* All locations were in Iowa. 
f Nurseries were planted during October 2000. 
$ Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
Table B18. Line and seed source means for percentage field emergence at Johnston, IA, in 2000. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93345 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Missouri 69.3 63.7 88.3 80.0 84.3 83.3 84.3 87.0 81.7 83.3 80.5 3.9 12.4 17.9 
Chile 63.7 73.0 59.7 49.3 69.3 47.7 70.0 79.0 76.7 75.3 66.4 5.9 18.9 27.2 
Hawaiif 7.0 30.0 7,3 4.3 24.3 13.7 86.0 88.7 83.0 81.7 42.6 2.4 7.5 10.8 
P.R.f 1.7 5.7 8,7 5.7 2.7 6.3 82.7 86.0 82.0 88.3 37.0 3.0 9.7 14.0 
Mexicof 1.0 4.7 1.7 1.0 12.7 12.7 86.3 79.0 87.0 80.3 36.6 1.8 5.6 8.1 
Hawaii# 2.3 12,3 2.3 0.7 11.3 17.0 74.0 79.0 77.3 78.0 35.4 2.5 8.1 11.7 
P.R.I 5.0 5.7 1.0 1.0 2.3 5.3 87.0 89.7 79.3 90.3 36.7 4.7 15.0 21.5 
Mexico# 0.3 7.3 1.7 0.0 5.7 8.3 74.0 60.0 59.7 63.0 28.0 2.6 8.2 11.8 
Mean 18.8 25.3 21.3 17.8 26.6 24.3 80.5 81.0 78.3 80.0 1.4 3.8 5.1 
SE 6.1 4.1 2.4 1.0 2.3 2.6 5.1 2.3 5.9 3.6 1.2 
LSDo.o5 20.4 13.7 8.1 3.4 7.8 8.8 16.9 7.6 19.7 11.9 3.4 
LSDq.oi 30.2 20.3 12.1 5.1 11.6 13.1 25.1 11.2 29.2 17.6 4.5 
f Nurseries were planted during October 1999. 
| Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B19. Line and seed source means for percentage field emergence at Durant, I A, in 2000. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Missouri 75.0 54.7 83.7 79.3 89.3 89.3 82.0 88.3 94.0 94.7 83.0 2.9 9.4 13.4 
Chile 44.7 63.7 58.7 36.0 65.0 40.7 65.7 75.0 72.0 68.7 59.0 4.7 15.1 21.7 
Hawaiif 0.0 15.0 2.0 1.0 12.7 11.7 90.0 93.7 87.3 83.7 39.7 2.5 7.9 11.3 
P.R4 0,0 3.3 0.7 4.3 2.3 5,3 81.0 89.0 91.0 85.0 36.2 1.9 6.1 8.7 
Mexicof 0.0 0.7 0.3 2.3 4.3 8.0 85.7 76.3 90.0 79.3 34.7 1.6 5.3 7.5 
Hawaii# 1.7 3.0 1.7 0.0 3.3 13.0 73.3 83.7 77.7 71.7 32.9 1.4 4.6 6.5 
P.R.I 0.0 1.3 0.7 3.0 2.3 8.0 85.0 91.7 73.0 87.3 35.2 1.8 5.9 8.5 
Mexico# 0.0 1.0 0.3 0.3 3.0 10.0 73.7 53.0 62.0 63.7 26.7 2.3 7.3 10,5 
Mean 15.2 17.8 18.5 15.8 22.8 23.2 79.5 81.3 80.9 79.2 0.9 2.5 3.3 
SE 2.6 3.0 2.1 1.4 1.3 2.5 0.9 2.0 2.6 3.9 0.8 
LSDo.os 8.8 10.0 6.9 4.6 4.2 8.4 3.0 6.7 8.8 13.1 2.3 
LSDo.oi 13,0 14.7 10.3 6.8 6.2 12.4 4.5 10.0 13.0 19.4 3.0 
t Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
| Puerto Rico nursery that was planted during January 2000. 
Table B20. Line and seed source means for percentage field emergence at Atlantic, IA, in 2000. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Missouri 78.3 67.3 68.0 87.7 76.0 88.7 84.3 84.7 84.0 87.0 80.6 6.4 20.5 29.4 
Chile 58.3 78.3 79.3 64.3 68.0 54.3 80.3 73.3 74.0 73.0 70.3 3.4 10.8 15.5 
Hawaiif 11.7 50,0 13.7 16.0 41.3 20.3 87.7 89.0 84.3 86.0 50.0 2.6 8.2 11.8 
P R *  2.0 13.0 13,3 21.0 19.3 21.7 75.7 79.0 83.7 85.0 41.4 4.2 13.3 19.2 
Mexicof 3.0 9.3 11.3 4.3 20.3 21.3 79.3 76.7 90.3 84.0 40.0 3.5 11.2 16.1 
Hawaii# 6.3 14.0 2.0 1.3 13.7 24.7 89.0 80.0 77.3 77.3 38.6 2.6 8.3 11.9 
P.R.I 7.7 4.0 4.0 3.3 8.7 9.0 84.0 84.7 78.0 89.3 37.3 2,4 7.7 11.1 
Mexico# 1.7 15.0 4.0 2.7 14.7 15.0 72.3 49.0 64.0 66.0 30.4 3.7 11.7 16.8 
Mean 21.1 31.4 24.5 25.1 32.8 31.9 81.6 77.0 79.5 81.0 1.3 3.7 4.9 
SE 1.9 2.5 3.0 2.1 5.4 2.8 5.2 4.3 4.2 1.9 1.2 
LSDO,O5 6.4 8.2 10.1 7.1 18.1 9.3 17.5 14.3 14.1 6.4 3.3 
LSDO.OI 9.5 12.2 14.9 10.5 26.8 13.8 25.9 21.2 20.8 9.5 4.4 
f Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B21. Line and seed source means for percentage field emergence at Johnston, IA, in 2001. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDoxm LSDo.oi 
Iowa 73.0 50.3 75.7 75,7 73.3 77.0 73.0 76.0 88.0 69.3 73.1 4.9 15.8 22.6 
Chile 53.7 73.3 62.3 56.0 77.7 74.3 91.3 86.7 76.0 87.3 73.9 3.3 10.4 15.0 
Hawaiif 6.3 5.7 2.3 7.0 27,0 28.3 89.3 92,0 96.3 96.0 45.0 1.6 5.0 7.1 
P.R4 3.0 1.0 1.0 5.3 6.0 11.3 92.7 96.7 96.7 94.7 40.8 0.8 2.6 3.8 
Mexicof 1.0 2.3 1.7 3.3 8.0 18.7 83.7 86.0 77.7 87.0 36.9 2.2 7.0 10.1 
Hawaii# 6.0 16.7 11,0 2.0 18.3 7.3 77.3 92.0 76.3 88.3 39.5 2.5 7.9 11.3 
PR1 7.0 6.3 8.3 5.3 9.3 12.3 96.3 93.3 99.3 97.0 43.5 1.4 4.6 6.5 
Mexico# 14,3 12.7 45.7 2.7 47.7 19.3 93.0 95.0 93.3 93.7 51.7 2.8 8.9 12.8 
Mean 20.5 21.0 26.0 19.7 33.4 31.1 87.1 89.7 88.0 89.2 1.0 2.8 3.7 
SE 3.3 3.7 2.8 3.9 2.6 2.9 2.5 2.2 1.6 2.4 0.9 
LSDo.os 10.9 12.5 9.3 13.2 8.6 9.7 8.3 7.3 5.3 8.1 2.5 
LSDo.oi 16.1 18.5 13.7 19.5 12.8 14.4 12.2 10.8 7.8 12.0 3.3 
t Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B22. Line and seed source means for percentage field emergence at Durant, IA, in 2001. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93845 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 63.7 41.0 70.7 74.0 63.0 74.0 69.7 74.0 85.0 64.7 68.0 4.9 15.8 22.7 
Chile 43.3 55.7 64.0 49.3 72.0 66.7 89.0 73.0 73.0 78.0 66.4 1.9 6.1 8.8 
Hawaiif 4.7 8.3 2.7 5.3 13.7 29.3 82.7 90.7 90.3 88.7 41.6 2.0 6.4 9.2 
P.R4 1.7 0,7 1.3 3.0 3.3 10.3 88.3 88.7 87.3 87.3 37.2 3.3 10.6 15.3 
Mexicof 3.3 3.3 1.7 6.0 7.0 13.7 78.7 84.3 71.3 82.7 35.2 3.3 10.7 15.3 
Hawaii# 2.7 15.0 4.0 0.3 11.3 8.0 74.3 86.3 78.3 87.3 36.8 1.9 6.1 8.7 
P.R.I 5,7 2.7 5.3 1.0 6.0 11.7 86.7 90.0 85.0 90.0 38.4 1.7 5.5 7.9 
Mexico# 3.7 9.7 39,7 2.3 51.3 19.3 86.3 84.3 88.0 83.0 46.8 1.8 5.9 8.5 
Mean 16.1 17.0 23.7 17.7 28.5 29.1 82.0 83.9 82.3 82.7 1.0 2.9 3.9 
SE 5.6 2.0 1.8 0.9 2.4 2.1 3.3 3.0 4.1 1.5 0.9 
LSDo.os 18.9 6.7 6.2 3.1 8.1 7.2 11.1 10.1 13.6 5.0 2.6 
LSDo.oi 27.9 9.9 9.1 4.6 12.0 10.6 16.4 14.9 20.1 7.3 3.5 
t Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B23. Line and seed source means for percentage field emergence at Atlantic, IA, in 2001. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93845 93865 93882 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 38.7 24.0 46.7 54.7 48.0 47.3 60.3 60.0 74.0 60.0 51.4 5.1 16.4 23.6 
Chile 25.3 31.3 36.0 33.7 51.0 43.7 77.0 66.0 63.7 69.7 49.7 2.7 8.6 12.3 
Hawaiif 1,0 1,3 0.0 4.0 5.7 19.3 85.7 86.7 79,3 85.3 36.8 2.8 9.1 13.0 
P.R.f 0.0 0.0 0.0 2.7 4.0 9.3 76.3 79.0 74,0 86.3 33.2 3.2 10.4 14.9 
Mexicof 1.3 2.0 1.7 6.0 7.7 16.3 70.0 79.0 67.0 78.7 33.0 2.1 6.7 9.6 
Hawaii# 1.7 1.0 1.3 0.0 4.3 4.3 63.7 71.3 73.0 78.7 29.9 1.4 4.6 6.5 
P.R.1 2.0 1.0 2.0 2.3 3.7 8.0 85.7 89.3 85.3 90.0 36,9 1.0 3.2 4.6 
Mexico# 0.7 3.0 19.7 2.0 18.3 11.0 79.3 75.3 78.0 84.7 37.2 3.9 12.5 18.0 
Mean 8.8 8,0 13.4 13.2 17.8 19.9 74.8 75.8 74.3 79.2 1.1 3.1 4.1 
SE 0.7 2.6 2.5 3.4 2.1 2.3 2.0 5.2 2.6 5.6 1.0 
LSDo.os 2.3 8,6 8.3 11.2 7.2 7.7 6.7 17.4 8.7 18.8 2.8 
LSDQ.OI 3.4 12.8 12.3 16.6 10.6 11.4 10.0 25.7 12.9 27.8 3.7 
f Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B24. Line and seed source means for percentage field emergence averaged across three Iowa locations in 2000. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDooi 
Missouri 74.2 61.9 80.0 82.3 83.2 87.1 83.6 86.7 86.6 88.3 81.4 3.4 10.2 13.9 
Chile 55.6 71.7 65.9 49.9 67.4 47.6 72.0 75.8 74.2 72.3 65.2 3.3 9.8 13.4 
Hawaiif 6.2 31.7 7.7 7.1 26.1 15.2 87.9 90.4 84.9 83.8 44.1 3.9 11.5 15.8 
P.R.f 1.2 7.3 7,6 10.3 8,1 1 1 1  79.8 84.7 85.6 86.1 38.2 3.4 10.2 14.0 
Mexicof 1,3 4.9 4.4 2.6 12.4 14.0 83.8 77.3 89.1 81.2 37.1 2.1 6.4 8.7 
Hawaii# 3.4 9.8 2.0 0.7 9.4 18.2 78.8 80.9 77.4 75.7 35.6 2.1 6.3 8.7 
P.R.I 4.2 3.7 1,9 2.4 4.4 7.4 85,3 88.7 76.8 89.0 36.4 1.5 4.4 6.1 
Mexico# 0.7 7.8 2.0 1.0 7.8 1 1 1  73.3 54.0 61,9 64.2 28.4 2.0 5.9 8.1 
Mean 18.4 24.8 21.4 19.5 27.4 26.5 80.6 79.8 79,6 80.1 1.7 5.0 6.9 
SE 2.2 2.9 3.8 3,0 3.7 2.0 2.8 1.6 2.0 1.8 1.3 
LSDo.os 6.8 8.7 11.4 9.0 11.4 6.0 8.5 4.8 6.0 5.6 4.0 
LSDo.oi 9.4 12.0 15.8 12.5 15.8 8.3 11.8 6.6 8.3 7.7 5.6 
f Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B25. Line and seed source means for percentage field emergence averaged across three Iowa locations in 2001. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 58.4 38.4 64.3 68.1 61.4 66.1 67.7 70.0 82.3 64.7 64.2 2.7 8.1 1 1 1  
Chile 40.8 53,4 54.1 46.3 66.9 61.6 85.8 75.2 70.9 78.3 63.3 3.0 8.9 12.2 
Hawaiif 4,0 5,1 1.7 5.4 15.4 25.7 85.9 89.8 88.7 90.0 41.2 2.1 6.4 8.7 
PR.* 1.6 0,6 0.8 3.7 4.4 10.3 85.8 88.1 86.0 89.4 37.1 2.4 7.3 9.9 
Mexico* 1.9 2.6 1.7 5.1 7.6 16.2 77.4 83.1 72.0 82.8 35.0 1.7 5.1 7.0 
Hawaii# 3.4 10.9 5.4 0.8 11.3 6.6 71.8 83.2 75.9 84.8 35.4 2.1 6.1 8.4 
P.R.I 4.9 3.3 5.2 2.9 6.3 10.7 89.6 90.9 89.9 92.3 39.6 1.3 3.9 5.4 
Mexico# 6.2 8.4 35.0 2.3 39.1 16.6 86.2 84.9 86.4 87.1 45.2 3.4 10.0 13.6 
Mean 15.2 15.3 21.0 16.8 26.6 26.7 81.3 83.2 81.5 83.7 0.9 2.6 3.6 
SE 3.9 4.3 4.1 3.0 4.1 3.8 1.7 2.3 2.0 1.4 2.3 
LSDo,o5 11.8 12.9 12.4 9.2 12.5 11.6 5.1 7.0 6.1 4.2 6.9 
LSDo.oi 16.3 18.0 17.2 12.7 17.3 16.1 7.0 9.8 8.5 5.8 9.6 
t Nurseries were planted during October 2000. 
$ Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
Table B26. Line and seed source means for percentage warm germination in 2000. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Missouri 95.0 83.5 97.5 96.5 99.0 98.5 99.5 97.5 99.0 98.5 96.5 1.2 3.6 4.9 
Chile 85.5 95.0 95.0 96.0 94.0 92.5 84.0 87.0 89.5 86.0 90.5 1.9 5.6 7.5 
Hawaii* 26.0 67.5 28.0 35.5 50.0 43.5 96.0 99.5 96.0 97.5 64.0 4.7 13.6 18.3 
P.R4 21.0 45.0 27.0 52.5 43.5 46.0 97.0 97.0 97.5 98.5 62.5 2.5 7.2 9.7 
Mexicof 9.5 30.5 30,0 21.0 49.0 50.0 91.0 91.5 98.5 94.0 56.5 2.8 8.0 10.8 
Hawaii# 14.5 38.5 3.0 8.5 50.0 44.5 89.5 94.5 92.0 91.5 52.7 2.7 7.8 10.6 
P.R.I 13.5 12.5 7.5 16.0 12.5 24.0 95.5 99.0 94.0 98.5 47.3 2.5 7.2 9.7 
Mexico# 18.0 34.0 21.0 8.5 43.0 41.0 86.0 74.5 78.0 80.5 48.5 3.5 10.3 13.9 
Mean 35.4 50.8 38.6 41.8 55.1 55.0 92.3 92.6 93.1 93.1 0.8 3.0 4.0 
SE 3.1 3.4 4.1 4.0 2.7 4.1 1.7 1.6 1.4 1.6 0.7 
LSDq.05 9.1 10.1 12.0 11.7 7.8 12.2 5.0 4.8 4.1 4.6 2.7 
LSDo.oi 12.4 13.8 16.4 16.0 10.6 16.6 6.8 6.5 5.6 6.2 3.6 
f Nurseries were planted during October 1999. 
| Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B27. Line and seed source means for percentage warm germination in 2001. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93345 93865 93882 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 60.5 68.5 81.5 83.0 84.5 86.0 75.5 81.5 91.0 84.0 79.6 3.2 9.4 12.7 
Chile 85.0 73.0 80.0 89.5 96.0 92.5 89.5 83.0 80.0 91.5 86.0 1.7 4.9 6.6 
Hawaiif 7.0 26.0 5.5 24.0 33.0 37.5 90.0 99.0 97.5 99.5 51.9 5.2 15 1 20.4 
P.R4 5.5 3.5 3.5 2.0 2.0 25.5 96.0 98.5 97.0 99.5 43.3 1.9 5.5 7.4 
Mexicoj 2.5 5.5 7.5 3.5 14.0 21.5 92.0 89.5 87.0 91.0 41.4 2.3 6.8 9.1 
Hawaii# 30.5 48.5 17.0 7.5 42.5 34.0 84.5 94.0 88.5 95.0 54.2 5.6 16.3 22.0 
P.R.I 7,5 9,0 9.0 3.0 8.0 9.0 97.0 98.0 98.0 99.0 43.8 1.8 5.2 7.0 
Mexico# 16.0 30.5 48.0 4.5 80.0 30.5 97.5 98.5 94.5 95.5 59.5 2.6 7.6 10.2 
Mean 26.8 33.1 31.5 27.1 45.0 42.1 90.3 92.8 91.7 94.4 0.9 3.5 4.6 
SE 4,6 3.5 3.5 4.3 4.2 4.9 1.9 1.9 1.6 1.4 0.8 
LSDq,05 13,5 10.4 10.4 12.7 12.4 14.4 5.6 5.6 4.6 4.3 3.1 
LSDo.oi 18.4 14.2 14.2 17.2 16.9 19.6 7.6 7.7 6.3 5.8 4.1 
t Nurseries were planted during October 2000. 
| Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001, 
Table B28. Line and seed source means for percentage germination in the cold vigor test in 2000. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.01 
Missouri 96.5 84.5 96.5 94.5 100.0 97.5 97.5 99.5 98.5 98.0 96.3 1.3 3.8 5.1 
Chile 88.5 94.5 90.0 85.5 91.0 86.5 88.0 91.5 87.5 83.5 88.6 2.2 6.5 8.8 
Hawaiif 12.5 35.0 15.0 9.5 19.0 17.0 98.5 99.5 97.0 95.0 49,8 3.0 8.8 11.9 
P.R4 6.0 12.0 5.5 7.0 12.0 15.5 93.5 98.0 96.5 96.5 44.2 2.3 6.8 9.2 
Mexico* 3,0 16.5 15.5 11.5 35.5 29.5 93.5 91.5 93.0 92.0 48,1 3.9 11.4 15.5 
Hawaii# 10.0 15,5 1.0 11.5 16.5 23,0 92.5 93.5 93.0 93.5 45.0 4.1 11.9 16.1 
P.R.I 18.5 3.0 1.5 2.5 3.0 11.0 96.0 99.5 95.5 98.0 42.8 2.1 6.2 8.4 
Mexico# 3.5 30.5 11.5 8.0 42.0 23.0 89.5 73.0 85.0 86.5 45.3 2.9 8.4 11.3 
Mean 29.8 36.4 29.6 28.7 39.9 37.9 93.6 93.2 93.2 92.9 0.7 2.8 3.8 
SE 3.1 3.3 2.7 3.4 4.1 3.7 1.6 1.1 1.7 1.8 0.6 
LSDo.os 9.2 9.7 8.0 10.1 12.0 10.9 4.6 3.4 5.1 5.4 2.5 
LSDo.oi 12.6 13.2 10.9 13.8 16.3 14.8 6.3 4.6 6.9 7.3 3.4 
t Nurseries were planted during October 1999. 
* Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
$ Puerto Rico nursery that was planted during January 2000. 
Table B29. Line and seed source means for percentage germination in the cold vigor test in 2001. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 73.5 69.5 87.5 89.5 79.5 83.5 79.0 86.5 94.0 82.0 82.4 3.4 9.7 13.1 
Chile 78.5 89,5 88,0 77.0 95.0 86.0 93.5 93.5 90.0 93.5 88.4 2.4 7.1 9.6 
Hawaiif 12.5 16.0 4.5 14.0 35.0 30,5 98.0 99.5 93.5 97.0 50.0 5.0 14.5 19.6 
P.R.I 5.0 0.5 2.5 3.5 5.5 17.0 95.5 96.5 98.5 98,0 42.2 2.2 6.4 8.7 
Mexico! 3.5 5.0 2.0 8.0 9.0 18.5 86.5 89.5 89.0 94.5 40.5 2.4 7.1 9,5 
Hawaii# 12.5 8.0 9.0 5.5 27.5 14.0 88.0 96.5 86.5 92,0 43.9 3.4 10.0 13.5 
P.R.I 12,5 3.0 3.0 1.5 10.0 10.0 98.0 98.5 97.0 100,0 43.3 2.2 6.3 8.5 
Mexico# 25.0 31.5 63,5 7.0 75.5 28.0 92.0 99.0 93.5 96.0 61.1 5.5 15.9 21.4 
Mean 27.9 27.9 32.5 25.7 42.1 35.9 91.3 94.9 92.8 94.1 0.9 3.6 4.7 
SE 4.0 4.0 1.9 2.6 5.3 4.3 1.4 1.7 2.8 2.4 0.8 
LSDo.os 11.9 11.6 5.7 7.7 15.6 12.5 4.2 5.1 8.3 7.1 3.2 
LSDo.oi 16.2 15.8 7.8 10.5 21.3 17.0 5.7 7.0 11.3 9.7 4.2 
t Nurseries were planted during October 2000. 
$ Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
Table B30. Line and seed source means for percentage germination in the accelerated aging vigor test in 2000. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Missouri 19.0 10.5 25.0 39.5 35.0 67.5 99.0 96.0 95.5 95.5 58.3 2.2 6.4 8.7 
Chile 37.0 51.0 21.5 31.5 42.5 29.0 81.0 70.0 79.0 71.5 51.4 3.3 9.5 12.8 
Hawaii* 3.5 2.5 0.5 0.5 2.5 12.5 85.0 94.5 89.0 89.5 38.0 1.7 4.9 6.7 
P R *  6.5 15.0 2.0 1.5 3.5 7.0 97.5 96.5 93.0 94.5 41.7 2.0 5.9 8.0 
Mexico* 0,0 1.5 1.0 1.0 4.5 14.5 93.0 85.0 94.5 93.0 38.8 1.7 4.8 6.5 
Hawaii# 8.0 6.5 0.5 1.0 5.5 14.5 86.5 89.5 84.5 84.0 38.1 1.9 5.4 7.3 
P.R.I 16,5 2.5 2.0 1.5 2.0 12.0 99.0 96.0 97.5 99.0 42.8 1.5 4.3 5.7 
Mexico# 4.0 7.5 2.0 1.0 8.5 13.5 82.0 63.5 66.0 76.0 32.4 2.7 7.8 10.6 
Mean 11.8 12,1 6.8 9.7 13.0 21.3 90.4 86.4 87.4 87.9 0.8 2.2 2.9 
SE 1,6 2.7 1.7 2.2 2.1 2.5 2.5 2.0 2.5 2.0 0.7 
LSDq.05 4.7 7.9 4.9 6.5 6.3 7.5 7.4 6.0 7.3 5.8 2.0 
LSDo.oi 6.3 10.8 6.7 8.9 8.6 10.1 10.0 8.1 9.9 7.8 2.6 
f Nurseries were planted during October 1999. 
* Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B31. Line and seed source means for percentage germination in the accelerated aging vigor test in 2001. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.os LSDo.oi 
Iowa 6.5 2.5 18.5 10.5 5.0 17.0 54.5 51.5 78.0 55.5 30.0 2.9 8.5 11.5 
Chile 17,0 10.5 4.0 3.0 30.0 36.5 85.0 66.0 61.0 64.5 37.8 2.6 7.4 10.0 
Hawaii* 1.0 0.0 0.5 0.5 4.0 8.0 89.5 93.5 92.0 94.5 38.4 1.7 5.1 6.8 
P R *  0,0 0.0 1.0 0.0 4.0 13.5 93.5 89.0 82.0 89.5 37.3 1.0 2.8 3.8 
Mexico* 0.0 2.0 1.0 1.0 5.0 7.0 62.5 76.5 61.5 79.5 29.6 2.4 7.1 9.6 
Hawaii# 0.0 0.5 0.0 0.0 3.5 5.5 79.0 91.5 69.0 84.5 33.4 2.1 6.0 8.1 
P.R.I 1.5 0.5 0.0 1.0 2.0 11.5 91.5 74.0 78.0 96.5 35.7 2.5 7.3 9.8 
Mexico# 0.0 0.5 4.5 0.0 4.5 11.5 88.0 75.5 85.0 88.0 35.8 1.9 5.6 7.6 
Mean 3.3 2.1 3.7 2.0 7.3 13.8 80.4 77.2 75.8 81.6 0.8 2.2 2.9 
SE 1.1 1.0 0.9 1,2 1.5 2.4 2.4 3.3 2.4 3.9 0.7 
LSDq.05 3.3 2.8 2.7 3.5 4.3 7.1 7.1 9.6 7.2 11.5 1.9 
LSDo.oi 4.4 3.8 3.6 4.8 5.9 9.7 9.7 13.1 9.8 15.6 2.6 
t Nurseries were planted during October 2000. 
| Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
Table B32. Line and seed source means for percentage viable seeds in the tetrazolium test in 2000. 
Seed Line 
source LPRlOOl LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDq.05 LSDo.oi 
Missouri 91,5 93.5 91.5 97.5 99.5 98.5 97.5 98.5 99.0 98.5 96.6 1.8 5.2 7.0 
Chile 83.0 95.5 90.0 94.5 92.5 92.0 86.5 87.5 89.5 89.0 90.0 2.5 7.2 9.8 
Hawaii* 50.0 91.5 86.0 75.0 92.5 91.5 96.0 95.5 92.5 94.0 86.5 4.2 12.1 16,4 
P.R4 55.5 63.5 79.0 90.0 80.0 85.5 94.0 97.5 91.5 95.0 83.2 4.3 12.6 17.0 
Mexico* 44.5 84.5 65.5 81.0 90.0 82.0 94.0 98.0 95.5 99.5 83.5 5.6 16.3 22.0 
Hawaii# 32.5 72.5 50.5 67.5 72.0 72.5 85.0 91.0 85.0 90.5 71.9 6.3 18.3 24.7 
P.R.I 22.0 62.0 72.5 57.0 68.5 81.5 95.5 97.5 90.5 99.0 74.6 5.7 16.6 22.4 
Mexico# 56.0 69.0 68.5 61.5 78.0 65.5 83.5 85.5 87.0 88.5 74.3 4.3 12.6 17.0 
Mean 54.4 79.0 75.4 78.0 84.1 83.6 91.5 93.9 91.3 94.3 1.7 4.6 6.1 
SE 5.1 6.0 5.9 6.7 4.9 4.0 2.7 1.9 2.9 1.9 1.5 
LSDq.05 15,1 17.8 17.4 19.8 14.3 11.9 8.0 5.7 8.4 5.5 4.2 
LSDo.oi 20.5 24.2 23.7 27.0 19.5 16.2 10.9 7.7 11.5 7.5 5.5 
t Nurseries were planted during October 1999, 
* Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B33. Line and seed source means for percentage viable seeds in the tetrazolium test in 2001. 
Seed Line 
source LPR1001 LPR1002 LPR1003 LPR1004 LPR1005 LPR1006 93B45 93B65 93B82 P9306 Mean SE LSDo.05 LSDo.oi 
Iowa 90.0 67.5 65.0 95.0 82.0 94.5 83.0 93.0 92.0 85.5 84.8 3.6 10.4 14.0 
Chile 84,5 79.0 83.0 77.5 88,5 91.5 82.5 77.0 78.0 87.5 82.9 4.2 12.1 16.3 
Hawaiij 57.5 66,0 66.5 79.0 86.0 88.0 91.0 96.0 95.5 97.5 82.3 5.3 15.5 20.9 
P.R4 57.5 59.5 60.0 69.0 73.0 66.0 93.0 99.5 72.5 98.5 74.9 5.4 15.8 21.4 
Mexico-!- 60.5 57.0 56.0 46.0 66,0 59.5 80.0 90.0 76.0 87.5 67.9 6.5 18.9 25.6 
Hawaii§ 59.0 83.0 63.0 81.0 78.5 76.5 89.0 97.5 90.5 95.0 81.3 4.7 13.7 18.5 
P.R.I 27.5 75.0 60,5 83.0 74.5 78.5 94.5 99.5 86.0 94.0 77.3 6.0 17.3 23.3 
Mexico§ 85.5 90.5 85.5 71.5 85.5 80.5 91.5 94.5 95.5 96.5 87.7 4.1 11.8 15.9 
Mean 65.3 72.2 67.4 75.3 79.3 79.4 88.1 93.4 85.8 92.8 1.8 5.0 6.7 
SE 5.9 4.5 5.9 7.9 5.0 5.4 2.7 2.4 3.4 2.9 1.6 
LSDo.os 17,3 13.2 17.5 23.3 14.8 15.8 8.0 7.0 9.9 8.6 4.5 
LSDo.oi 23.6 17.9 23.8 31.7 20.2 21.5 10.9 9.5 13.5 11.8 6.0 
t Nurseries were planted during October 2000. 
| Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
Table B34, The percentage of seed sucrose, raffmose, stachyose, and phytate phosphorus on a dry-weight basis of two mips lines and one Mips line 
from eight seed sources in 2000. 
Seed Line Line Line Line 
source LPR1001 LPR1005 93B82 LPR1001 LPR1005 93B82 LPR1001 LPR1005 93B82 LPR1001 LPR1005 93B82 
" OUVlUuC "" OlttVlljrUuV *" 
Missouri 9.38 8.37 4.32 0.54 0.47 0.74 0.30 0.28 4.27 0.15 0.16 0.30 
Chile 10.75 10,35 4.90 0.41 0.51 1.01 0.20 0.28 4.27 0.10 0.12 0.34 
Hawaiij 7.67 7.99 4.18 0.34 0.42 0.65 0.15 0.37 3.85 0.11 0.13 0.39 
P.R4 6.48 6,99 3,36 0,40 0.41 0,84 0.26 0.24 4.33 0.13 0.13 0.40 
Mexicof 8,94 9.76 5,04 0,27 0.41 0,66 0.12 0,45 4.11 0.09 0.14 0.38 
Hawaii§ 7.66 7.24 3,86 0.35 0.34 0,74 0.17 0.32 4.08 0.13 0.14 0.45 
P.R.I 7.05 7.44 3,90 0.46 0.46 1.00 0.20 0.35 4.22 0.15 0.13 0.53 
Mexico§ 6.93 7.21 3,39 0.34 0.45 0.96 0.16 0.31 3.77 0.12 0.15 0.44 
t Nurseries were planted during October 1999. 
$ Puerto Rico nursery that was planted during October 1999. 
§ Nurseries were planted during January 2000. 
1 Puerto Rico nursery that was planted during January 2000. 
Table B35. The percentage of seed sucrose, raffmose, stachyose, and phytate phosphorus on a dry-weight basis of two mips lines and one Mips line 
from eight seed sources in 2001. 
Seed Line Line Line Line 
source LPR1001 LPR1005 93882 LPR1001 LPR1005 93B82 LPR1001 LPR1005 93B82 LPR1001 LPR1005 93B82 
" OUvl Udw oidi'iiy use 
Iowa 7.78 7.80 3.74 0.48 0.55 0.83 0.29 0,36 4.00 0.13 0.18 0.28 
Chile 8.92 10.74 4.58 0.49 0.47 1.28 0.24 0.24 3.70 0,13 0.13 0.35 
Hawaiif 6.65 7.55 3.92 0.32 0.40 0.80 0.14 0.40 4.15 0.10 0.13 0.35 
P.R4 6.80 6.70 3.43 0.42 0.44 0.88 0.19 0.47 4.20 0.14 0.17 0.47 
Mexicof 7.80 7.74 3.81 0.39 0.57 0.83 0.18 0.95 4.01 0.11 0.16 0.46 
Hawaii§ 5.55 7.82 3.35 0.34 0.44 0.55 0,13 0.29 3.56 0.11 0.12 0.37 
P.R.I 5.00 5.81 2.55 0.38 0.42 0.74 0.16 0.21 3.55 0.12 0.14 0.46 
Mexico§ 6.54 6.91 3.14 0.38 0.43 0.72 0.15 0.20 3.27 0.10 0.12 0.41 
f Nurseries were planted during October 2000. 
$ Puerto Rico nursery that was planted during October 2000. 
§ Nurseries were planted during January 2001. 
1 Puerto Rico nursery that was planted during January 2001. 
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